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EXPANDABLE CONNECTION 
Cross Reference To Related Applications 
1001] The present application claims the benefit of the filing date of U.S. provisional patent 
application serial no. 60/438,838, attorney docket no. 25791.31, filed on January 9, 2003. the 
disclosure of which is incorporated herein by reference. 

[002] This application is related to the following co-pending applications, and all 
continuations, divisionals, and corresponding utility applications: 
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Applicants incorporate by reference the disclosures of the above applications. 

Background of the Invention 
[003] This invention relates generally to wellbore casings, and in particular to wellbore 
casings that are formed using expandable tubing. 

[004] Conventionally, when a wellbore is created, a number of casings are installed in the 
borehole to prevent collapse of the borehole wall and to prevent undesired outflow of drilling 
fluid into the formation or inflow of fluid from the formation into the borehole. The casings are 
limited in length, often connected end-to-end by threaded connections. 
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[005] Other inventions have disclosed a method of forming a wellbore casing that includes 
installing a tubular liner and a mandrel in the borehole, injecting fluid into the borehole, and 
radially expanding the liner in the borehole by extruding the liner off of the mandrel. 
[006] However, during the expansion, the tip ends of the threaded connections tend to peel 
away. The present invention is directed to overcoming this limitation of the expandable 
tubulars. 

Summary of the Invention 
[007] According to one aspect of the present invention, a method of radially expanding and 
plastically deforming a first tube having first threads, and a second tube having second 
threads is provided that includes coupling a first insert to the first threads, coupling the first 
threads to the second threads to form a threaded connection, heating the threaded connection 
sufficiently to melt at least a portion of the first insert, allowing the melted portion of the first 
insert to flow and solidify within the threaded connection, and radially expanding and 
plastically deforming the coupled first and second tubes. 

[008] According to another aspect of the present invention, an expandable tubular liner is 
provided including a first tube having first threads, and a second tube having second threads 
coupled to the first threads; wherein the first threads are coupled to the second threads by the 
process of: coupling a first insert to the first threads, coupling the first threads to the second 
threads, heating the first insert sufficiently to melt at least a portion of the first insert, and 
cooling the melted portion of the first insert. 

[009] According to another aspect of the present invention, an apparatus is provided that 
includes a preexisting structure coupled to a tubular liner, the tubular liner comprising a first 
tube including first threads, and a second tube including second threads, wherein the tubular 
liner is coupled to the preexisting structure by the process of: coupling a first insert to the first 
threads, coupling the first threads to the second threads to form a threaded connection, 
heating the threaded connection sufficiently to melt at least a portion of the first insert, 
allowing the melted portion of the first insert to flow and solidify within the threaded 
connection, positioning the coupled first and second tubes within a preexisting structure, and 
radially expanding the coupled first and second tubes into contact with the preexisting 
structure. 

[0010] According to another aspect of the present invention, a method of radially expanding 
and plastically deforming a first tube having first threads, and a second tube having second 
threads is provided that includes coupling a first insert to the first threads, coupling the first 
threads to the second threads to form a threaded connection, and radially expanding and 
plastically deforming the coupled first and second tubes and forming a metallurgical bond 
between the first insert and at least one of the first and second tubes. 
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[0011] According to another aspect of the present invention, an expandable tubular liner is 
provided that includes a first tube having first threads, and a second tube having second 
threads coupled to the first threads; wherein the first threads are metallurgically bonded to the 
second threads by the process of: coupling a first insert to the first threads, coupling the first 
threads to the second threads, and radially expanding and plastically deforming the coupled 
first and second tubes. 

[0012] According to another aspect of the present invention, an apparatus is provided that 
includes a preexisting structure coupled to a tubular liner, the tubular liner comprising a first 
tube including first threads, and a second tube including second threads, wherein the tubular 
liner is coupled to the preexisting structure by the process of: coupling a first insert to the first 
threads, coupling the first threads to the second threads to form a threaded connection, and 
radially expanding the coupled first and second tubes into contact with the preexisting 
structure and forming a metallurgical bond between the first insert and at least one of the first 
and second tubes. 

[0013] According to another aspect of the present invention, A method of radially expanding 
and plastically deforming a first tube, a second tube, and a mechanical connection for 
coupling the first and second tubes is provided that includes coupling an insert to at least one 
of the first and second tubes, coupling the first and second tubes together using the 
mechanical connection, radially expanding and plastically deforming the coupled first and 
second tubes, and forming a metallurgical bond between the insert and at least one of the first 
and second tubes by injecting energy into the insert prior to or during the radial expansion and 
plastic deformation of the first and second tubes. 

[0014] According to another aspect of the present invention, a method of radially expanding 
and plastically deforming a first tube, a second tube, and a mechanical connection for 
coupling the first and second tubes is provided that includes coupling an insert to at least one 
of the first and second tubes, coupling the first and second tubes together using the 
mechanical connection, radially expanding and plastically deforming the coupled first and 
second tubes, and forming a metallurgical bond between the insert and at least one of the first 
and second tubes by injecting energy into the insert prior to and during the radial expansion 
and plastic deformation of the first and second tubes. 

[0015] According to another aspect of the present invention, a tubular assembly is provided 
that includes a first tube, a second tube, a mechanical connection for coupling the first and 
second tubes, and a metallurgical connection for coupling the first and second tubes, wherein 
the metallurgical connection is provided proximate the mechanical connection. 
[0016] According to another aspect of the present invention, a tubular assembly is provided 
that includes a first tube, a second tube, a mechanical connection for coupling the first and 



J 



WO 2005/071212 PCT/US2004/0006J1 

second tubes, and a metallurgical connection for coupling an external tubular surface of the 
first tube to an internal tubular surface of the second tube. 

[0017] According to another aspect of the present invention, a tubular assembly is provided 
that includes a first tube, a second tube, a mechanical connection for coupling the first and 
second tubes, and a metallurgical connection for coupling an external surface of the first tube 
to an internal surface of the second tube, wherein the metallurgical connection is positioned 
within the mechanical connection. 

[0018] According to another aspect of the present invention, a tubular assembly is provided 
that includes a first tube, a second tube, a threaded connection for coupling the first and 
second tubes, and a metallurgical connection for coupling an external surface of the first tube 
to an internal surface of the second tube, wherein the metallurgical connection is positioned 
within the threaded connection. 

[0019] According to another aspect of the present invention, a cold-weldable insert for forming 
a metallurgical bond between overlapping threaded ends of adjacent tubular members is 
provided that includes a tapered tubular member comprising one or more threaded portions 
for engaging the threaded ends of the adjacent tubular members, wherein the tapered tubular 
member is fabricated from one or more materials capable of forming a metallurgical bond with 
at least one of the adjacent tubular members when energy is input into the tapered tubular 
member. 

[0020] According to another aspect of the present invention, a method of radially expanding 
and plastically deforming a first tube having first threads, and a second tube having second 
threads is provided that includes coupling the first threads to the second threads to form a 
threaded connection, and radially expanding and plastically deforming the coupled first and 
second tubes and forming a metallurgical bond between the first and second tubes. 
[0021] According to another aspect of the present invention, an expandable tubular liner is 
provided that includes a first tube having first threads, and a second tube having second 
threads coupled to the first threads; wherein the first threads are metallurgically bonded to the 
second threads by the process of: coupling the first threads to the second threads; and 
radially expanding and plastically deforming the coupled first and second tubes. 
[0022] According to another aspect of the present invention, an apparatus is provided that 
includes a preexisting structure coupled to a tubular liner, the tubular liner comprising a first 
tube including first threads, and a second tube including second threads, wherein the tubular 
liner is coupled to the preexisting structure by the process of: coupling the first threads to the 
second threads to form a threaded connection, and radially expanding the coupled first and 
second tubes into contact with the preexisting structure and forming a metallurgical bond 
between the first insert and at least one of the first and second tubes. 
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[0023] According to another aspect of the present invention, a method of radially expanding 
and plastically deforming a first tube having first threads, and a second tube having second 
threads is provided that includes coupling the first threads to the second threads to form a 
threaded connection, and radially expanding and plastically deforming the coupled first and 
second tubes and forming a metallurgical bond between the first and second tubes. 
[0024] According to another aspect of the present invention, an expandable tubular liner is 
provided that includes a first tube having first threads, and a second tube having second 
threads coupled to the first threads; wherein the first threads are metallurgical^ bonded to the 
second threads by the process of: coupling the first threads to the second threads, and 
radially expanding and plastically deforming the coupled first and second tubes. 
[0025] According to another aspect of the present invention, an apparatus is provided that 
includes a preexisting structure coupled to a tubular liner, the tubular liner comprising a first 
tube including first threads, and a second tube including second threads, wherein the tubular 
liner is coupled to the preexisting structure by the process of: coupling the first threads to the 
second threads to form a threaded connection, and radially expanding the coupled first and 
second tubes into contact with the preexisting structure and forming a metallurgical bond 
between the first insert and at least one of the first and second tubes. 
[0026] According to another aspect of the present invention, a method of radially expanding 
and plastically deforming a first tube, a second tube, and a mechanical coupling for coupling 
overlapping ends of the first and second tubes is provided that includes radially expanding 
and plastically deforming the coupled first and second tubes, and injecting energy into the 
coupled first and second tubes to form a metallurgical bond between the first and second 
tubes. 

[0027] According to another aspect of the present invention, an expandable tubular liner is 
provided that includes a first tube, a second tube, and a mechanical coupling for coupling 
overlapping ends of the first and second tubes, wherein overlapping ends of the first and 
second tubes are metallurgical^ bonded by the process of: coupling the overlapping ends of 
the first and second tubes, radially expanding and plastically deforming the coupled first and 
second tubes, and injecting energy into the coupled first and second tubes. 
[0028] According to another aspect of the present invention, an apparatus is provided that 
includes a preexisting structure coupled to a tubular liner, the tubular liner comprising a first 
tube, a second tube, and a mechanical coupling for coupling overlapping ends of the first and 
second tubes, wherein the tubular liner is coupled to the preexisting structure by the process 
of: radially expanding the coupled first and second tubes into contact with the preexisting 
structure, and injecting energy into the coupled first and second tubes to form a metallurgical 
bond between the first and second tubes. 
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[0029] According to another aspect of the present invention, a method of radially expanding 
and plastically deforming a first tube, a second tube, and a mechanical coupling for coupling 
overlapping ends of the first and second tubes is provided that includes positioning an insert 
material between the overlapping ends of the coupled first and second tubes, radially 
expanding and plastically deforming the coupled first and second tubes, injecting energy into 
the coupled first and second tubes before, during, or after the radial expansion and plastic 
deformation of the first and second tubes to lower a melting point of at least a portion of the 
insert material, and injecting thermal energy into the coupled first and second tubes to form a 
metallurgical bond between the insert material and at least one of the first and second coupled 
tubes. 

[0030] According to another aspect of the present invention, an expandable tubular liner is 
provided that includes a first tube, a second tube, and a mechanical coupling for coupling 
overlapping ends of the first and second tubes, wherein overlapping ends of the first and 
second tubes are metallurgically bonded by the process of: positioning an insert material 
between the overlapping ends of the coupled first and second tubes, radially expanding and 
plastically deforming the coupled first and second tubes, injecting energy into the coupled first 
and second tubes before, during, or after the radial expansion and plastic deformation of the 
first and second tubes to lower a melting point of at least a portion of the insert material; and 
injecting thermal energy into the coupled first and second tubes to form a metallurgical bond 
between the insert material and the first and second coupled tubes. 
[0031] According to another aspect of the present invention, an apparatus is provided that 
includes a preexisting structure coupled to a tubular liner, the tubular liner comprising a first 
tube, a second tube, and a mechanical coupling for coupling overlapping ends of the first and 
second tubes, wherein the tubular liner is coupled to the preexisting structure by the process 
of: positioning an insert material between the overlapping ends of the coupled first and second 
tubes, radially expanding and plastically deforming the coupled first and second tubes into 
engagement with the preexisting structure, injecting energy into the coupled first and second 
tubes before, during, or after the radial expansion and plastic deformation of the first and 
second tubes to lower a melting point of at least a portion of the insert material, and injecting 
thermal energy into the coupled first and second tubes to form a metallurgical bond between 
the insert material and the first and second coupled tubes. 

Brief Description of the Drawings 
[0032] Fig. 1 is a flow chart illustrating an exemplary embodiment of a method for coupling a 
plurality of tubes to a preexisting structure. 

[0033] Fig. 2 is a cross-sectional illustration of an exemplary embodiment of the threaded 
connection between a pair of tubes, including meltable inserts. 
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[0034] Fig. 3 is a cross-sectional illustration of an exemplary embodiment of the meltable 
inserts of Fig. 2. 

[0035] Fig. 4 is a cross-sectional illustration of the threaded connection of Fig. 2, illustrating 
the placement of induction heating coils near the locations of the meltable inserts. 
[0036] Fig. 5 is a partial cross-sectional illustration of an expansion cone radially expanding 
the tubes of Fig. 4 into contact with a preexisting structure. 

[0037] Fig. 6 is a flow chart illustrating an exemplary embodiment of a method for coupling a 
plurality of tubes to a preexisting structure. 

[0038] Fig. 7 is a cross-sectional illustration of an exemplary embodiment of the threaded 
connection between a pair of tubes, including cold weldable inserts. 
[0039] Fig. 8 is a cross-sectional illustration of an exemplary embodiment of the cold 
weldable inserts of Fig. 7. 

[0040] Fig. 9 is a partial cross-sectional illustration of an expansion cone radially expanding 
the tubes of Fig. 8 into contact with a preexisting structure. 

[0041] Fig. 10 is a flow chart illustrating an exemplary embodiment of a method for coupling a 
plurality of tubes to a preexisting structure. 

[0042] Fig. 1 1 is a cross-sectional illustration of an exemplary embodiment of the threaded 
connection between a pair of tubes, including cold weldable inserts. 
[0043] Fig. 12 is a cross-sectional illustration of an exemplary embodiment of the cold 
weldable inserts of Fig. 1 1 . 

[0044] Fig. 13 is a partial cross-sectional illustration of an expansion cone radially expanding 
the tubes of Fig. 1 1 into contact with a preexisting structure. 

Detailed Description 

[0045] In Fig. 1, an exemplary embodiment of a method 10 for forming and/or repairing a 
wellbore casing, pipeline, or structural support includes the steps of: (1) providing first and 
second tubes having first and second threads in step 105; (2) positioning a meltable insert into 
the first and second threads of the first and second tubes in step 110; (3) coupling the first and 
second threads of the first and second tubes to form a threaded connection in step 115; (4) 
heating the threaded connection in step 120; (5) positioning the coupled first and second 
tubes within a pre-existing structure in step 125; and (6) radially expanding the coupled first 
and second tubes into contact with the preexisting structure in step 130. 
[0046] As illustrated in Fig. 2, in steps 105, 110, and 115, a first tube 205 having first threads 
210 is coupled to a second tube 215 having second threads 220. Once coupled, the tubes 
205 and 215 form a threaded connection 218. The tubes 205 and 215 may comprise any 
number of conventional tubes. In an exemplary embodiment, the tubes 205 and 215 are 
oilfield country tubular goods or wellbore casings available from Lone Star Steel. 
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[0047] A first meltable insert 225a is preferably positioned within a first channel 230 provided 
in the first threads 210, and a second meltable insert 225b is preferably positioned within a 
second channel 240 provided in the second threads 220. The threads 210 and 220 may 
include any number of conventional commercially available threads. In an exemplary 
embodiment, the first and second threads, 210 and 220, are pin and box threads available 
from Grant Prideco. The channels 230 and 240 may be provided within any portion of the 
threads 210 and 220. In an exemplary embodiment, the channels 230 and 240 are provided 
adjacent to the end portions of the threads 210 and 220, in order to optimally position the 
meltable inserts, 225a and 225b. 

[0048] The meltable inserts 225 may include any number of conventional commercially 
available meltable inserts. In an exemplary embodiment, as illustrated in Fig. 3, the meltable 
inserts 225 include an inner core 305, a layer of a meltable material 310, and an outermost 
layer of a flux 315. In an exemplary embodiment, the melting point of the meltable material 
310 is less than the melting point of the inner core 305. In an exemplary embodiment, the 
inner core 305 is fabricated from, and/or includes alloys of, indium, aluminum, bismuth, 
cadmium, lead, tin, brass, or bronze, the meltable material 310 is fabricated from, and/or 
includes alloys of, indium, aluminum, bismuth, cadmium, lead, tin, brass, or bronze, and the 
flux is fabricated from, or includes, ammonium cetyl sulfate, saturated zinc chloride in 
hydrochloric aside, Amasan flux C66, or 157 flux. In an exemplary embodiment, the meltable 
inserts 225 are ring shaped. 

[0049] In an exemplary embodiment, one or more of the inserts 225 include, or constitute, 
one or more of the BrazeCoat™, S-Bond™, and/or WideGap™ insert materials and products 
available from Material Resources International in Lansdale, Pennsylvania and described, for 
example, at the following website: http://www.materialsresources.com . 
[0050] As illustrated in Fig. 4, in step 120, the threaded connection 218 is heated using first 
and second induction coils, 405a and 405b, positioned around the vicinity of the meltable 
inserts, 225a and 225b. In this manner, heating is concentrated within and in the vicinity of 
the meltable inserts, 225a and 225b. Furthermore, the use of induction coils, 405a and 405b, 
as a heating element minimizes the possibility of fire. This is especially important when the 
present method is used to provide expandable tubular liners for oil and gas wellbores. 
[0051] In an exemplary embodiment, the threaded connection 218 is sufficiently heated to 
melt at least a portion of the meltable inserts 225a and 225b. In an exemplary embodiment, 
the threaded connection 218 is heated to operating temperatures ranging from about 150 F to 
1500F for a time period of about 2-3 seconds to 2-3 minutes. In an exemplary embodiment, 
the melted portions of the meltable inserts, 225a and 225b, flow into at least a portion of the 
gap between the threads 210 and 220 of the threaded connection 218 by capillary action. In 
this manner, an optimal bond is formed between the first and second tubes, 205 and 215. 
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[0052] The melted portions of the meltable inserts, 225a and 225b, are then allowed to cool. 
In an exemplary embodiment, the melted portions of the meltable inserts, 225a and 225b, 
bond with and form a metallurgical alloy with the tubes 205 and 215. In this manner, the tubes 
205 and 215 are preferably permanently bonded to one another. In this manner, the tubes 
205 and 215 form a unitary tubular structure. In an exemplary embodiment, the material 
composition of the metallurgical bond between the tubes, 205 and 215, and the meltable 
inserts 225 includes aluminum, indium, bismuth, cadmium, lead, tin, brass, and/or bronze, or 
one or more alloys thereof, in order to provide a metallurgical bond having optimum strength. 
[0053] As illustrated in Fig. 5, in steps 125 and 130, the tubes 205 and 215 are then 
positioned within a preexisting structure 505, and radially expanded into contact with the 
interior walls of the preexisting structure 505 using an expansion cone 510. The tubes 205 
and 215 may be radially expanded into intimate contact with the interior walls of the 
preexisting structure 505, for example, by: (1) pushing or pulling the expansion cone 510 
through the interior of the tubes 205 and 215; and/or (2) pressurizing the region within the 
tubes 205 and 215 behind the expansion cone 510 with a fluid. In an exemplary embodiment, 
one or more sealing members 515 are further provided on the outer surface of the tubes 205 
and 215, in order to optimally seal the interface between the radially expanded tubes 205 and 
215 and the interior walls of the preexisting structure 505. 

[0054] In an exemplary embodiment, the radial expansion of the tubes 205 and 215 into 
contact with the interior walls of the preexisting structure 505, in steps 125 and 130, is 
performed substantially as disclosed in one or more of the following co-pending patent 
applications: 
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The disclosures of each of the above co-pending patent applications are incorporated by 
reference. 

[0055] In several alternative embodiments, the radial expansion of the tubes 205 and 215 into 
contact with the interior walls of the preexisting structure 505, in steps 125 and 130, is 
performed using one or more of the conventional commercially available radial expansion 
devices and/or methods available from Baker Hughes, Weatherford, and/or Enventure Global 
Technology LLC. 

[0056] In several alternative embodiments, the radial expansion of the tubes 205 and 215 into 
contact with the interior walls of the preexisting structure 505, in steps 125 and 130, is 
performed using conventional commercially available radial expansion devices and/or 
methods such as, for example, hydroforming and/or radial expansion using rotary expansion 
devices. 

[0057] Referring to Fig. 6, an exemplary embodiment of a method 600 for forming and/or 
repairing a wellbore casing, pipeline, or structural support includes the steps of: (1) providing 
first and second tubes having first and second threads in step 605; (2) positioning a cold 
weldable insert into the first and second threads of the first and second tubes in step 610; (3) 
coupling the first and second threads of the first and second tubes to form a threaded 
connection in step 615; (4) positioning the coupled first and second tubes within a pre-existing 
structure in step 620; and (5) radially expanding the coupled first and second tubes into 
contact with the preexisting structure in step 625. 

[0058] As illustrated in Fig. 7, in steps 605, 610, and 615, a first tube 705 having first threads 
710 is coupled to a second tube 715 having second threads 720. Once coupled, the tubes 
705 and 715 form a threaded connection 725. The tubes 705 and 715 may comprise any 
number of conventional tubes. In an exemplary embodiment, the tubes 705 and 715 are 
oilfield country tubular goods or wellbore casings available from Lone Star Steel. 
[0059] A first cold-weldable insert 730a is preferably positioned within a first channel 735 
provided in the first threads 710, and a second cold-weldable insert 730b is preferably 
positioned within a second channel 740 provided in the second threads 720. The threads 710 
and 720 may include any number of conventional commercially available threads. In an 
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exemplary embodiment, the first and second threads, 710 and 720, are pin and box threads 
available from Grant Prideco. The channels 230 and 240 may be provided within any portion 
of the threads 710 and 720. In an exemplary embodiment, the channels 735 and 740 are 
provided adjacent to the end portions of the threads 710 and 720, in order to optimally position 
the cold-weldable inserts, 730a and 730b. 

[0060] The cold-weldable inserts 730 may include any number of conventional commercially 
available cold-weldable inserts, and/or materials, capable of forming a metallurgical bond with 
at least one of the tubes 705 and/or 715, or permitting a metallurgical bond to be formed 
between the tubes, when energy is input into region proximate or constituting the cold- 
weldable inserts during, for example, the subsequent radial expansion and plastic deformation 
of the tubes 705 and 715. In an exemplary embodiment, as illustrated in Fig. 8, the cold- 
weldable inserts 730 include an inner core 745, a layer of a cold-weldable material 750, and 
an outermost layer of a flux 755. In an exemplary embodiment, the inner core 745 is 
fabricated from indium, aluminum, bismuth, indium, cadmium, lead, tin, brass, and/or bronze, 
or alloys thereof, the layer of cold-weldable material 750 is fabricated from indium, aluminum, 
bismuth, indium, cadmium, lead, tin, brass, and/or bronze, or alloys thereof, and the flux 755 
is fabricated from, or includes, ammonium cetyl sulfate, saturated zinc chloride in hydrochloric 
aside, and/or Amasan flux C66, or 157 flux. In an exemplary embodiment, the cold-weldable 
inserts 730 are ring shaped. 

[0061] In an exemplary embodiment, one or more of the inserts 730 include, or constitute, 
one or more of the BrazeCoat™, S-Bond™, and/or WideGap™ insert materials and products 
available from Material Resources International in Lansdale, Pennsylvania and described, for 
example, at the following website: http://www.materialsresources.com . 
[0062] In an exemplary embodiment, one or more of the cold-weldable inserts 730 include, or 
constitute, a Trib-Gel chemical cold welding agent. Trib-Gel is a chemical agent that permits a 
cold welded metallurgical joint and/or a Trib-Jointto be formed between tubular parts such as, 
for example, overlapping tubular members that are radially expanded and plastically deformed 
together by increasing the friction between the mating surfaces of the overlapping tubular 
members thereby inducing localized heating of the overlapping portions of the tubular 
members. In an exemplary embodiment, the Trib-Gel is provided and operates substantially 
as described in TRIB-GEL, A CHEMICAL COLD WELDING AGENT, G.R. Linzell, Technical 
Paper presented at: International Symposium on Exploiting Solid State Joining, TWI, Great 
Abington, Cambridge, U.K., 14 th Sept 1999, the disclosure of which is incorporated herein by 
reference. In an exemplary embodiment, the Trib-Gel includes, or is, one or more of the 
conventional commercially available Trib-Gel products available from TribTech™ and 
described at the website: www.tribtech.com/products.htm . 
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[0063] As illustrated in Fig. 9, in an exemplary embodiment, in steps 620 and 625, the tubes 
705 and 715 are then positioned within a preexisting structure 505, and radially expanded into 
contact with the interior walls of the preexisting structure 505 using an expansion cone 510. 
The tubes 705 and 715 may be radially expanded into intimate contact with the interior walls 
of the preexisting structure 505, for example, by: (1) pushing or pulling the expansion cone 
510 through the interior of the tubes 705 and 715; and/or (2) pressurizing the region within the 
tubes 705 and 715 behind the expansion cone 510 with a fluid. In an exemplary embodiment, 
one or more sealing members 760 are further provided on the outer surface of the tubes 705 
and 715, in order to optimally seal the interface between the radially expanded tubes 705 and 
715 and the interior walls of the preexisting structure 505. In an exemplary embodiment, the 
energy input into the cold-weldable inserts 730 during the radial expansion and plastic 
deformation of the tubes 705 and 715 is sufficient to cause the cold-weldable inserts 730 to 
form a metallurgical bond with the tubes 705 and/or 715 and/or permit a metallurgical bond to 
be formed between the tubes. 

[0064] In an exemplary embodiment, the radial expansion of the tubes 705 and 715 into 
contact with the interior walls of the preexisting structure 505, in steps 620 and 625, is 
performed substantially as disclosed in one or more of the following co-pending patent 
applications: 
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The disclosures of each of the above co-pending patent applications are incorporated by 
reference. 

[0065] In several alternative embodiments, the radial expansion of the tubes 705 and 715 into 
contact with the interior walls of the preexisting structure 505, in steps 620 and 625, is 
performed using one or more of the conventional commercially available radial expansion 
devices and/or methods available from Baker Hughes, Weatherford, and/or Enventure Global 
Technology LLC. 

[0066] In several alternative embodiments, the radial expansion of the tubes 705 and 715 into 
contact with the interior walls of the preexisting structure 505, in steps 620 and 625, is 
performed using conventional commercially available radial expansion devices and/or 
methods such as, for example, hydroforming and/or radial expansion using rotary expansion 
devices. 

[0067] Referring to Fig. 10, an exemplary embodiment of a method 800 for forming and/or 
repairing a wellbore casing, pipeline, or structural support includes the steps of: (1) providing 
first and second tubes having first and second threads in step 805; (2) positioning a cold 
weldable insert into the first and second threads of the first and second tubes in step 810; (3) 
coupling the first and second threads of the first and second tubes to form a threaded 
connection in step 815; (4) positioning the coupled first and second tubes within a pre-existing 
structure in step 820; and (5) radially expanding the coupled first and second tubes into 
contact with the preexisting structure in step 825. 

[0068] As illustrated in Fig. 11, in steps 805, 810, and 815, a first tube 905 having first threads 
910 is coupled to a second tube 915 having second threads 920. Once coupled, the tubes 
905 and 915 form a threaded connection 925. The tubes 905 and 915 may comprise any 
number of conventional tubes. In an exemplary embodiment, the tubes 905 and 915 are 
oilfield country tubular goods or wellbore casings available from Lone Star Steel. 
[0069] In an exemplary embodiment, the cold-weldable insert 730 is positioned within the 
threaded connection 925 between at least a portion of the threads 910 and 920 of the first and 
second tubes, 905 and 915, respectively. The threads 910 and 920 may include any number 
of conventional commercially available threads. In an exemplary embodiment, the first and 
second threads, 910 and 920, are pin and box threads available from Grant Prideco. 
[0070] The cold-weldable inserts 930 may include any number of conventional commercially 
available cold-weldable inserts, and/or materials, capable of forming a metallurgical bond with 
at least one of the tubes 905 and/or 915, or permitting a metallurgical bond to be formed 
between the tubes, when energy is input into region proximate or constituting the cold- 
weldable inserts during, for example, the subsequent radial expansion and plastic deformation 
of the tubes 905 and 915. In an exemplary embodiment, as illustrated in Fig. 12, the cold- 
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weldable inserts 930 include an inner core 935 including a cold weldable material 935, and 
outer layers, 940 and 945 of a flux. In an exemplary embodiment, the inner core 935 is 
fabricated from indium, aluminum, bismuth, cadmium, lead, tin, brass, and/or bronze, and/or 
alloys thereof, and the outer layers, 940 and 945, are fabricated from aluminum, indium, 
aluminum, bismuth, cadmium, lead, tin, brass, and/or bronze, and/or alloys thereof. In an 
exemplary embodiment, the cold-weldable inserts 930 are tapered tubular members that 
include preformed threads. 

[0071] In an exemplary embodiment, one or more of the inserts 930 include, or constitute, 
one or more of the BrazeCoat™, S-Bond™, and/or WideGap™ insert materials and products 
available from Material Resources International in Lansdale, Pennsylvania and described, for 
example, at the following website: http://www.materialsresources.com . 
[0072] In an exemplary embodiment, one or more of the cold-weldable inserts 930 include or 
constitute a Trib-Gel chemical cold welding agent. Trib-Gel is a chemical agent that permits a 
cold welded metallurgical joint and/or a Trib-Joint to be formed between tubular parts such as, 
for example, overlapping tubular members that are radially expanded and plastically deformed 
together by increasing the friction between the mating surfaces of the overlapping tubular 
members thereby inducing localized heating of the overlapping portions of the tubular 
members. In an exemplary embodiment, the Trib-Gel is provided and operates substantially 
as described in TRIB-GEL, A CHEMICAL COLD WELDING AGENT, G.R. Linzell, Technical 
Paper presented at: International Symposium on Exploiting Solid State Joining, TWI, Great 
Abington, Cambridge, U.K., 14 th Sept 1999, the disclosure of which is incorporated herein by 
reference. In an exemplary embodiment, the Trib-Gel includes or is one or more of the 
conventional commercially available Trib-Gel products available from TribTech™ and 
described at the website: www.tribtech.com/products.htm . 

[0073] As illustrated in Fig. 13, in an exemplary embodiment, in steps 820 and 825, the tubes 
905 and 915 are then positioned within a preexisting structure 505, and radially expanded into 
contact with the interior walls of the preexisting structure 505 using an expansion cone 510. 
The tubes 905 and 915 may be radially expanded into intimate contact with the interior walls 
of the preexisting structure 505, for example, by: (1) pushing or pulling the expansion cone 
510 through the interior of the tubes 905 and 915; and/or (2) pressurizing the region within the 
tubes 905 and 915 behind the expansion cone 510 with a fluid. In an exemplary embodiment, 
one or more sealing members 950 are further provided on the outer surface of the tubes 905 
and 915, in order to optimally seal the interface between the radially expanded tubes 905 and 
915 and the interior walls of the preexisting structure 505. In an exemplary embodiment, the 
energy input into the cold-weldable inserts 930 during the radial expansion and plastic 
- deformation of the tubes 905 and 915 is sufficient to cause the cold-weldable inserts 930 to 
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form a metallurgical bond with the tubes 905 and/or 915 and/or permit a metallurgical bond to 
be formed between the tubes. 

[0074] In an exemplary embodiment, the radial expansion of the tubes 905 and 915 into 
contact with the interior walls of the preexisting structure 505, in steps 820 and 825, is 
performed substantially as disclosed in one or more of the following co-pending patent 
applications: 
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The disclosures of each of the above co-pending patent applications are incorporated by 
reference. 

[0075] In several alternative embodiments, the radial expansion of the tubes 905 and 915 into 
contact with the interior walls of the preexisting structure 505, in steps 820 and 825, is 
performed using one or more of the conventional commercially available radial expansion 
devices and/or methods available from Baker Hughes, Weatherford, and/or Enventure Global 
Technology L.L.C. 

[0076] In several alternative embodiments, the radial expansion of the tubes 905 and 915 into 
contact with the interior walls of the preexisting structure 505, in steps 820 and 825, is 
performed using conventional commercially available radial expansion devices and/or 
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methods such as, for example, hydroforming and/or radial expansion using rotary expansion 
devices. 

[0077] In an exemplary embodiment, the injection of energy into the cold-weldable inserts 703 
and/or 930 also lower the melting point of at least a portion of the cold-weldable inserts such 
that the cold-weldable inserts can be melted using less injected thermal energy thereby 
facilitating the formation of a metallurgical bond between the cold-weldable inserts and at least 
one of the overlapping tubulars, 705 and 715. and/or 905 and 915. upon the combined 
injection of energy, of any kind, combined with the injection of thermal energy into the cold- 
weldable inserts. 

In an exemplary embodiment, as described above, the cold-weldable inserts 730 
and/or 930 that include, or constitute, a Trib-Gel chemical cold welding agent provide a cold 
welded metallurgical joint of the overlapping tubulars, 705 and 715, and/or 905 and 915, 
respectively, during the radial expansion and plastic deformation of the overlapping tubulars. 
In several alternative embodiments, the cold-weldable inserts 730 and/or 930 that include, or 
constitute, a Trib-Gel chemical cold welding agent provide a cold welded metallurgical joint of 
the overlapping tubulars, 705 and 715, and/or 905 and 915, respectively, during the injection 
of energy such as, for example, mechanical, acoustic, vibrational, electrical, electro-magnetic, 
and/or thermal energy into the overlapping tubulars prior to, during, and/or after the radial 
expansion and plastic deformation of the overlapping tubulars. 

[0078] In several exemplary embodiments, one or more of the inserts 225, 730, or 930 are 
formed within, or proximate, one or more of the threaded connections 218, 725, or 925 using a 
conventional kinetic metallization method in order to provide a reliable method of providing the 
insert materials on the tubes. In an exemplary embodiment, the kinetic metallization method 
is provided using one or more of the conventional commercially available products available 
from Inovati, Inc. in Santa Barbara, California, U.S.A. 

[0079] In several exemplary embodiments, one or more of the inserts 225, 730, or 930 
include, or constitute, one or more of the BrazeCoat™, S-Bond™, and/or WideGap™ insert 
materials and products available from Material Resources International in Lansdale, 
Pennsylvania and described, for example, at the following website: 
http://www.materialsresources.com . 

[0080] In several exemplary embodiments, one or more of the inserts 225, 730, or 930 
include, or constitute, one or more of the insert materials and products available from Spur 
Industries in Spokane, Washington, U.S.A.. and described, for example, at the following 
website: http://www.spurind.com . 

[0081] A method of radially expanding and plastically deforming a first tube having first 
threads, and a second tube having second threads has been described that includes coupling 
a first insert to the first threads, coupling the first threads to the second threads to form a 
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threaded connection, heating the threaded connection sufficiently to melt at least a portion of 
the first insert, allowing the melted portion of the first insert to flow and solidify within the 
threaded connection, and radially expanding and plastically deforming the coupled first and 
second tubes. In an exemplary embodiment, coupling the first insert to the first threads 
includes placing the first insert within a portion of the first threads. In an exemplary 
embodiment, the first insert includes an outer layer of flux. In an exemplary embodiment, the 
first insert comprises an inner core comprised of a first material, and an outer layer comprised 
of a second material, and wherein the first material has a higher melting point than the second 
material. In an exemplary embodiment, the outer layer of the second material comprises an 
outer layer of flux. In an exemplary embodiment, the first material is selected from the group 
consisting of aluminum, indium, bismuth, cadmium, lead, tin, brass, and bronze; and wherein 
the second material is selected from the group consisting of aluminum, indium, bismuth, 
cadmium, lead, tin, brass, and bronze. In an exemplary embodiment, the first insert is 
fabricated from materials selected from the group consisting of aluminum, indium, bismuth, 
cadmium, lead, tin, brass, and bronze. In an exemplary embodiment, the method further 
includes applying a flux to the first and second threads of the first and second tubes. In an 
exemplary embodiment, the first insert is a ring. In an exemplary embodiment, the method 
further includes placing the coupled first and second tubes within a preexisting structure 
before radially expanding and plastically deforming the coupled first and second tubes. In an 
exemplary embodiment, the preexisting structure is a wellbore casing. In an exemplary 
embodiment, the preexisting structure is a pipeline. In an exemplary embodiment, the 
preexisting structure is a structural support. In an exemplary embodiment, the method further 
includes, after coupling a first insert to the first threads, coupling a second insert to the second 
threads. 

[0082] An expandable tubular liner has also been described that includes a first tube having 
first threads, and a second tube having second threads coupled to the first threads; wherein 
the first threads are coupled to the second threads by the process of: coupling a first insert to 
the first threads, coupling the first threads to the second threads, heating the first insert 
sufficiently to melt at least a portion of the first insert, and cooling the melted portion of the first 
insert. In an exemplary embodiment, coupling the first insert to the first threads comprises 
placing the first insert within a portion of the first threads. In an exemplary embodiment, the 
first insert includes an outer layer of flux. In an exemplary embodiment, the first insert 
includes an inner core composed of a first material, and an outer layer composed of a second 
material, and wherein the first material has a higher melting point than the second material. In 
an exemplary embodiment, the outer layer of the second material includes an outer layer of 
flux. In an exemplary embodiment, the first material is selected from the group consisting of 
aluminum, indium, bismuth, cadmium, lead, tin, brass, and bronze; and the second material is 
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selected from the group consisting of aluminum, indium, bismuth, cadmium, lead, tin, brass, 
and bronze. In an exemplary embodiment, the first insert is fabricated from materials selected 
from the group consisting of aluminum, indium, bismuth, cadmium, lead, tin, brass, and 
bronze. In an exemplary embodiment, the liner further includes applying a flux to the first and 
second threads. In an exemplary embodiment, the first insert is a ring. In an exemplary 
embodiment, the liner further includes, after coupling a first insert to the first threads, coupling 
a second insert to the second threads. 

[0083] An apparatus has also been described that includes a preexisting structure coupled to 
a tubular liner, the tubular liner comprising a first tube including first threads, and a second 
tube including second threads, wherein the tubular liner is coupled to the preexisting structure 
by the process of: coupling a first insert to the first threads, coupling the first threads to the 
second threads to form a threaded connection, heating the threaded connection sufficiently to 
melt at least a portion of the first insert, allowing the melted portion of the first insert to flow 
and solidify within the threaded connection, positioning the coupled first and second tubes 
within a preexisting structure, and radially expanding the coupled first and second tubes into 
contact with the preexisting structure. In an exemplary embodiment, coupling the first insert to 
the first threads includes placing the first insert within a portion of the first threads. In an 
exemplary embodiment, the first insert includes an outer layer of flux. In an exemplary 
embodiment, the first insert includes an inner core composed of a first material, and an outer 
layer composed of a second material, and wherein the first material has a higher melting point 
than the second material. In an exemplary embodiment, the outer layer of the second 
material includes an outer layer of flux. In an exemplary embodiment, the first material is 
selected from the group consisting of aluminum, indium, bismuth, cadmium, lead, tin, brass, 
and bronze; and wherein the second material is selected from the group consisting of 
aluminum, indium, bismuth, cadmium, lead, tin, brass, and bronze. In an exemplary 
embodiment, the first insert is fabricated from materials selected from the group consisting of 
aluminum, indium, bismuth, cadmium, lead, tin, brass, and bronze. In an exemplary 
embodiment, the apparatus further includes applying a flux to the first and second threads. In 
an exemplary embodiment, the first insert is a ring. In an exemplary embodiment, the 
preexisting structure is a wellbore casing. In an exemplary embodiment, the preexisting 
structure is a pipeline. In an exemplary embodiment, the preexisting structure is a structural 
support. In an exemplary embodiment, the apparatus further includes, after the step of 
coupling a first insert to the first threads, the step of coupling a second insert to the second 
threads. 

[0084] A method of radially expanding and plastically deforming a first tube having first 
threads, and a second tube having second threads has been described that includes coupling 
a first insert to the first threads, coupling the first threads to the second threads to form a 
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threaded connection, and radially expanding and plastically deforming the coupled first and 
second tubes and forming a metallurgical bond between the first insert and at least one of the 
first and second tubes. In an exemplary embodiment, coupling the first insert to the first 
threads includes placing the first insert within a portion of the first threads. In an exemplary 
embodiment, the first insert includes an outer layer of flux. In an exemplary embodiment, the 
first insert includes an inner core composed of a first material, and an outer layer composed of 
a second material, and wherein the first material has a higher energy point at which an energy 
input will cause a metallurgical reaction than the second material. In an exemplary 
embodiment, the outer layer of the second material includes an outer layer of flux. In an 
exemplary embodiment, the first material is selected from the group consisting of aluminum, 
indium, bismuth, cadmium, lead, tin, brass, and bronze; and wherein the second material is 
selected from the group consisting of aluminum, indium, bismuth, cadmium, lead, tin, brass, 
and bronze. In an exemplary embodiment, the first insert is fabricated from materials selected 
from the group consisting of aluminum, indium, bismuth, cadmium, lead, tin, brass, and 
bronze. In an exemplary embodiment, the method further includes applying a flux to the first 
and second threads of the first and second tubes. In an exemplary embodiment, the first 
insert is a ring. In an exemplary embodiment, the method further includes placing the coupled 
first and second tubes within a preexisting structure before radially expanding and plastically 
deforming the coupled first and second tubes. In an exemplary embodiment, the preexisting 
structure is a wellbore casing. In an exemplary embodiment, the preexisting structure is a 
pipeline. In an exemplary embodiment, the preexisting structure is a structural support. In an 
exemplary embodiment, the method further includes, after coupling a first insert to the first 
threads, coupling a second insert to the second threads. 

[0085] An expandable tubular liner has been described that includes a first tube having first 
threads, and a second tube having second threads coupled to the first threads; wherein the 
first threads are metallurgically bonded to the second threads by the process of: coupling a 
first insert to the first threads, coupling the first threads to the second threads, and radially 
expanding and plastically deforming the coupled first and second tubes. In an exemplary 
embodiment, coupling the first insert to the first threads includes placing the first insert within a 
portion of the first threads. In an exemplary embodiment, the first insert includes an outer 
layer of flux. In an exemplary embodiment, the first insert includes an inner core composed of 
a first material, and an outer layer composed of a second material, and wherein the first 
material has a higher energy point at which an energy input will cause a metallurgical reaction 
than the second material. In an exemplary embodiment, the outer layer of the second 
material includes an outer layer of flux. In an exemplary embodiment, the first material is 
selected from the group consisting of aluminum, indium, bismuth, cadmium, lead, tin, brass, 
and bronze; and wherein the second material is selected from the group consisting of 
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aluminum, indium, bismuth, cadmium, lead, tin, brass, and bronze. In an exemplary 
embodiment, the first insert is fabricated from materials selected from the group consisting of 
aluminum, indium, bismuth, cadmium, lead, tin, brass, and bronze. In an exemplary 
embodiment, the liner further includes applying a flux to the first and second threads. In an 
exemplary embodiment, the first insert is a ring. In an exemplary embodiment, the liner 
further includes, after coupling a first insert to the first threads, coupling a second insert to the 
second threads. 

[0086] An apparatus has been described that includes a preexisting structure coupled to a 
tubular liner, the tubular liner comprising a first tube including first threads, and a second tube 
including second threads, wherein the tubular liner is coupled to the preexisting structure by 
the process of: coupling a first insert to the first threads, coupling the first threads to the 
second threads to form a threaded connection, and radially expanding the coupled first and 
second tubes into contact with the preexisting structure and forming a metallurgical bond 
between the first insert and at least one of the first and second tubes. In an exemplary 
embodiment, coupling the first insert to the first threads includes placing the first insert within a 
portion of the first threads. In an exemplary embodiment, the first insert includes an outer 
layer of flux. In an exemplary embodiment, the first insert includes an inner core composed of 
a first material, and an outer layer composed of a second material, and wherein the first 
material has a higher energy point at which an energy input will cause a metallurgical reaction 
than the second material. In an exemplary embodiment, the outer layer of the second 
material includes an outer layer of flux. In an exemplary embodiment, the first material is 
selected from the group consisting of aluminum, indium, bismuth, cadmium, lead, tin, brass, 
and bronze; and wherein the second material is selected from the group consisting of 
aluminum, indium, bismuth, cadmium, lead, tin, brass, and bronze. In an exemplary 
embodiment, the first insert is fabricated from materials selected from the group consisting of 
aluminum, indium, bismuth, cadmium, lead, tin, brass, and bronze. In an exemplary 
embodiment, the apparatus further includes applying a flux to the first and second threads. In 
an exemplary embodiment, the first insert is a ring. In an exemplary embodiment, the 
preexisting structure is a wellbore casing. In an exemplary embodiment, the preexisting 
structure is a pipeline. In an exemplary embodiment, the preexisting structure is a structural 
support. In an exemplary embodiment, the apparatus further includes, after the step of 
coupling a first insert to the first threads, the step of coupling a second insert to the second 
threads. 

[0087] A method of radially expanding and plastically deforming a first tube, a second tube, 
and a mechanical connection for coupling the first and second tubes, has been described that 
includes coupling an insert to at least one of the first and second tubes, coupling the first and 
second tubes together using the mechanical connection, radially expanding and plastically 
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deforming the coupled first and second tubes, and forming a metallurgical bond between the 
insert and at least one of the first and second tubes by injecting energy into the insert prior to 
or during the radial expansion and plastic deformation of the first and second tubes. In an 
exemplary embodiment, the injected energy includes thermal energy. In an exemplary 
embodiment, the injected energy includes mechanical energy. In an exemplary embodiment, 
the injected energy includes electrical energy. In an exemplary embodiment, the injected 
energy includes magnetic energy. In an exemplary embodiment, the injected energy includes 
electromagnetic energy. In an exemplary embodiment, the injected energy includes acoustic 
energy. In an exemplary embodiment, the injected energy includes vibrational energy. 
[0088] A method of radially expanding and plastically deforming a first tube, a second tube, 
and a mechanical connection for coupling the first and second tubes has been described that 
includes coupling an insert to at least one of the first and second tubes, coupling the first and 
second tubes together using the mechanical connection, radially expanding and plastically 
deforming the coupled first and second tubes, and forming a metallurgical bond between the 
insert and at least one of the first and second tubes by injecting energy into the insert prior to 
and during the radial expansion and plastic deformation of the first and second tubes. In an 
exemplary embodiment, the injected energy includes thermal and mechanical energy. In an 
exemplary embodiment, the injected energy includes thermal and electrical energy. In an 
exemplary embodiment, the injected energy includes thermal and magnetic energy. In an 
exemplary embodiment, the injected energy includes thermal and electromagnetic energy. In 
an exemplary embodiment, the injected energy includes thermal and acoustic energy. In an 
exemplary embodiment, the injected energy includes thermal and vibrational energy. 
[0089] A tubular assembly has been described that includes a first tube, a second tube, a 
mechanical connection for coupling the first and second tubes, and a metallurgical connection 
for coupling the first and second tubes, wherein the metallurgical connection is provided 
proximate the mechanical connection. 

[0090] A tubular assembly has been described that includes a first tube, a second tube, a 
mechanical connection for coupling the first and second tubes, and a metallurgical connection 
for coupling an external tubular surface of the first tube to an internal tubular surface of the 
second tube. 

[0091] A tubular assembly has been described that includes a first tube, a second tube, a 
mechanical connection for coupling the first and second tubes, and a metallurgical connection 
for coupling an external surface of the first tube to an internal surface of the second tube, 
wherein the metallurgical connection is positioned within the mechanical connection. 
[0092] A tubular assembly has been described that includes a first tube, a second tube, a 
threaded connection for coupling the first and second tubes, and a metallurgical connection 
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for coupling an external surface of the first tube to an internal surface of the second tube, 
wherein the metallurgical connection is positioned within the threaded connection. 
[0093] A cold-weldable insert for forming a metallurgical bond between overlapping threaded 
ends of adjacent tubular members has been described that includes a tapered tubular 
member comprising one or more threaded portions for engaging the threaded ends of the 
adjacent tubular members, wherein the tapered tubular member is fabricated from one or 
more materials capable of forming a metallurgical bond with at least one of the adjacent 
tubular members when energy is input into the tapered tubular member. In an exemplary 
embodiment, the injected energy is thermal energy. In an exemplary embodiment, the 
injected energy is mechanical energy. In an exemplary embodiment, the injected energy is 
electrical energy. In an exemplary embodiment, the injected energy is magnetic energy. In 
an exemplary embodiment, the injected energy is electromagnetic energy. In an exemplary 
embodiment, the injected energy is acoustic energy. In an exemplary embodiment, the 
injected energy is vibrational energy. 

[0094] A method of radially expanding and plastically deforming a first tube having first 
threads, and a second tube having second threads has been described that includes coupling 
the first threads to the second threads to form a threaded connection, and radially expanding 
and plastically deforming the coupled first and second tubes and forming a metallurgical bond 
between the first and second tubes. In an exemplary embodiment, coupling the first threads 
to the second threads includes placing an insert material within the threaded connection. In 
an exemplary embodiment, the insert material includes a material capable of increasing a 
coefficient of friction between the first and second tubes during the radial expansion and 
plastic deformation of the first and second tubes. In an exemplary embodiment, the method 
further includes placing the coupled first and second tubes within a preexisting structure 
before radially expanding and plastically deforming the coupled first and second tubes. In 
several exemplary embodiments, the preexisting structure is a wellbore casing, a pipeline, a 
structural support. 

[0095] An expandable tubular liner has been described that includes a first tube having first 
threads, and a second tube having second threads coupled to the first threads; wherein the 
first threads are metallurgically bonded to the second threads by the process of: coupling the 
first threads to the second threads; and radially expanding and plastically deforming the 
coupled first and second tubes, in an exemplary embodiment, coupling the first threads to the 
second threads includes placing an insert material within the threaded connection. In an 
exemplary embodiment, the insert material is a material capable of increasing a coefficient of 
friction between the first and second tubes during the radial expansion and plastic deformation 
of the coupled first and second tubes. 
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[0096] An apparatus has been described that includes a preexisting structure coupled to a 
tubular liner, the tubular liner comprising a first tube including first threads, and a second tube 
including second threads, wherein the tubular liner is coupled to the preexisting structure by 
the process of: coupling the first threads to the second threads to form a threaded connection; 
and radially expanding the coupled first and second tubes into contact with the preexisting 
structure and forming a metallurgical bond between the first insert and at least one of the first 
and second tubes. In an exemplary embodiment, coupling the first insert to the first threads 
comprises placing an insert material within a portion of the threaded connection. In an 
exemplary embodiment, the insert material is a material capable of increasing a coefficient of 
friction between the first and second tubes during the radial expansion and plastic deformation 
of the first and second tubes. In an exemplary embodiment, the preexisting structure is a 
wellbore casing. In an exemplary embodiment, the preexisting structure is a pipeline. In an 
exemplary embodiment, the preexisting structure is a structural support. 
[0097] A method of radially expanding and plastically deforming a first tube, a second tube, 
and a mechanical coupling for coupling overlapping ends of the first and second tubes has 
been described that includes radially expanding and plastically deforming the coupled first and 
second tubes, and injecting energy into the coupled first and second tubes to form a 
metallurgical bond between the first and second tubes. In an exemplary embodiment, the 
energy is injected into the coupled first and second tubes prior to the radial expansion and 
plastic deformation of the first and second tubes. In an exemplary embodiment, the energy is 
injected into the coupled first and second tubes during the radial expansion and plastic 
deformation of the first and second tubes. In an exemplary embodiment, the energy is 
injected into the coupled first and second tubes after the radial expansion and plastic 
deformation of the first and second tubes. In an exemplary embodiment, the energy is 
injected into the coupled first and second tubes prior to and during the radial expansion and 
plastic deformation of the first and second tubes. In an exemplary embodiment, the energy is 
injected into the coupled first and second tubes during and after the radial expansion and 
plastic deformation of the first and second tubes. In an exemplary embodiment, the energy is 
injected into the coupled first and second tubes prior to and after the radial expansion and 
plastic deformation of the first and second tubes. In an exemplary embodiment, the energy is 
injected into the coupled first and second tubes prior to, during, and after the radial expansion 
and plastic deformation of the first and second tubes. In an exemplary embodiment, coupling 
the first and second tubes comprises placing an insert material between the overlapping ends 
of the first and second tubes. In an exemplary embodiment, the insert material is a material 
capable of increasing a coefficient of friction between the first and second tubes during the 
injection of energy into the first and second tubes. In an exemplary embodiment, the method 
further includes placing the coupled first and second tubes within a preexisting structure 
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before radially expanding and plastically deforming the coupled first and second tubes. In an 
exemplary embodiment, the preexisting structure is a wellbore casing. In an exemplary 
embodiment, the preexisting structure is a pipeline. In an exemplary embodiment, the 
preexisting structure is a structural support. In an exemplary embodiment, the injected energy 
is thermal energy. In an exemplary embodiment, the injected energy is mechanical energy. 
In an exemplary embodiment, the injected energy is electrical energy. In an exemplary 
embodiment, the injected energy is magnetic energy. In an exemplary embodiment, the 
injected energy is electromagnetic energy. In an exemplary embodiment, the injected energy 
is acoustic energy. In an exemplary embodiment, the injected energy is vibrational energy. 
[0098] An expandable tubular liner has also been described that includes a first tube, a 
second tube, and a mechanical coupling for coupling overlapping ends of the first and second 
tubes, wherein overlapping ends of the first and second tubes are metallurgical^ bonded by 
the process of: coupling the overlapping ends of the first and second tubes, radially expanding 
and plastically deforming the coupled first and second tubes, and injecting energy into the 
coupled first and second tubes. In an exemplary embodiment, the energy is injected into the 
coupled first and second tubes prior to the radial expansion and plastic deformation of the first 
and second tubes. In an exemplary embodiment, the energy is injected into the coupled first 
and second tubes during the radial expansion and plastic deformation of the first and second 
tubes. In an exemplary embodiment, the energy is injected into the coupled first and second 
tubes after the radial expansion and plastic deformation of the first and second tubes. In an 
exemplary embodiment, the energy is injected into the coupled first and second tubes prior to 
and during the radial expansion and plastic deformation of the first and second tubes. In an 
exemplary embodiment, the energy is injected into the coupled first and second tubes during 
and after the radial expansion and plastic deformation of the first and second tubes. In an 
exemplary embodiment, the energy is injected into the coupled first and second tubes prior to 
and after the radial expansion and plastic deformation of the first and second tubes. In an 
exemplary embodiment, the energy is injected into the coupled first and second tubes prior to, 
during, and after the radial expansion and plastic deformation of the first and second tubes. In 
an exemplary embodiment, coupling the overlapping ends of the first and second tubes 
includes placing an insert material between the overlapping ends of the first and second 
tubes. In an exemplary embodiment, the insert material comprises a material capable of 
increasing a coefficient of friction between the first and second tubes during the injection of 
energy into the first and second tubes. In an exemplary embodiment, the liner further includes 
placing the coupled first and second tubes within a preexisting structure before radially 
expanding and plastically deforming the coupled first and second tubes. In an exemplary 
embodiment, the preexisting structure is a wellbore casing. In an exemplary embodiment, the 
preexisting structure is a pipeline. In an exemplary embodiment, the preexisting structure is a 
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structural support. In an exemplary embodiment, the injected energy is thermal, mechanical, 
electrical, magnetic, electromagnetic, acoustic, and/or vibrational energy. 
[0099] An apparatus has been described that includes a preexisting structure coupled to a 
tubular liner, the tubular liner comprising a first tube, a second tube, and a mechanical 
coupling for coupling overlapping ends of the first and second tubes, wherein the tubular liner 
is coupled to the preexisting structure by the process of: radially expanding the coupled first 
and second tubes into contact with the preexisting structure, and injecting energy into the 
coupled first and second tubes to form a metallurgical bond between the first and second 
tubes. In an exemplary embodiment, the energy is injected into the coupled first and second 
tubes prior to the radial expansion and plastic deformation of the first and second tubes. In an 
exemplary embodiment, the energy is injected into the coupled first and second tubes during 
the radial expansion and plastic deformation of the first and second tubes. In an exemplary 
embodiment, the energy is injected into the coupled first and second tubes after the radial 
expansion and plastic deformation of the first and second tubes. In an exemplary 
embodiment, the energy is injected into the coupled first and second tubes prior to and during 
the radial expansion and plastic deformation of the first and second tubes. In an exemplary 
embodiment, the energy is injected into the coupled first and second tubes during and after 
the radial expansion and plastic deformation of the first and second tubes. In an exemplary 
embodiment, the energy is injected into the coupled first and second tubes prior to and after 
the radial expansion and plastic deformation of the first and second tubes. In an exemplary 
embodiment, the energy is injected into the coupled first and second tubes prior to, during, 
and after the radial expansion and plastic deformation of the first and second tubes. In an 
exemplary embodiment, coupling the overlapping ends of the first and second tubes includes 
placing an insert material between the overlapping ends of the first and second tubes. In an 
exemplary embodiment, the insert material includes a material capable of increasing a 
coefficient of friction between the first and second tubes during the injection of energy into the 
first and second tubes. In an exemplary embodiment, the apparatus further includes placing 
the coupled first and second tubes within a preexisting structure before radially expanding and 
plastically deforming the coupled first and second tubes. In several exemplary embodiments, 
the preexisting structure is a wellbore casing, a pipeline, and/or a structural support. In 
several exemplary embodiments, the injected energy includes thermal, mechanical, electrical, 
magnetic, electromagnetic, acoustic, and/or vibrational energy. 

[00100] A method of radially expanding and plastically deforming a first tube, a second 
tube, and a mechanical coupling for coupling overlapping ends of the first and second tubes 
has been described that includes positioning an insert material between the overlapping ends 
of the coupled first and second tubes, radially expanding and plastically deforming the coupled 
first and second tubes, injecting energy into the coupled first and second tubes before, during, 
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or after the radial expansion and plastic deformation of the first and second tubes to lower a 
melting point of at least a portion of the insert material, and injecting thermal energy into the 
coupled first and second tubes to form a metallurgical bond between the insert material and at 
least one of the first and second coupled tubes. 

[00101] An expandable tubular liner has been described that includes a first tube, a 
second tube, and a mechanical coupling for coupling overlapping ends of the first and second 
tubes, wherein overlapping ends of the first and second tubes are metallurgical^ bonded by 
the process of: positioning an insert material between the overlapping ends of the coupled first 
and second tubes, radially expanding and plastically deforming the coupled first and second 
tubes, injecting energy into the coupled first and second tubes before, during, or after the 
radial expansion and plastic deformation of the first and second tubes to lower a melting point 
of at least a portion of the insert material, and injecting thermal energy into the coupled first 
and second tubes to form a metallurgical bond between the insert material and the first and 
second coupled tubes. 

[00102] An apparatus has been described that includes a preexisting structure coupled 
to a tubular liner, the tubular liner comprising a first tube, a second tube, and a mechanical 
coupling for coupling overlapping ends of the first and second tubes, wherein the tubular liner 
is coupled to the preexisting structure by the process of: positioning an insert material 
between the overlapping ends of the coupled first and second tubes, radially expanding and 
plastically deforming the coupled first and second tubes into engagement with the preexisting 
structure, injecting energy into the coupled first and second tubes before, during, or after the 
radial expansion and plastic deformation of the first and second tubes to lower a melting point 
of at least a portion of the insert material, and injecting thermal energy into the coupled first 
and second tubes to form a metallurgical bond between the insert material and the first and 
second coupled tubes. 

[00103] It is understood that variations may be made in the foregoing without departing 
from the scope of the invention. For example, the teachings of the present illustrative 
embodiments may be used to provide a wellbore casing, a pipeline, and/or a structural 
support. In addition, other types of inserts may be substituted for the cold-weldable inserts 
730 and/or 930 that are capable of forming a metallurgical bond with the tubes 705 and/or 715 
and/or 905 and/or 915 when energy is input into the inserts. Furthermore, other methods of 
inputting energy into the cold-weldable inserts 730 and/or 930 may substituted for, or used in 
addition to, the radial expansion and plastic deformation of the tubes 705 and 715 such as, for 
example, electrical, mechanical, thermal, vibrational, electro-magnetic, and/or magnetic 
energy, which may be injected into the inserts before and/or during and/or after the radial 
expansion and plastic deformation of the tubes. In addition, other forms of mechanical 
connections may used instead of, or in combination with, the threaded connections 218 and/or 
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725 and/or 925. Furthermore, one or more of the inserts 225 and/or 730 and/or 930 may be 
positioned proximate and/or within the threaded connections 218 and/or 725 and/or 925 in 
order to provide a metallurgical connection between the tubes 205 and/or 215 and/or 705 
and/or 715 and/or 905 and/or 915. In addition, in an exemplary embodiment, one or more of 
the inserts, 730 and/or 930, may include a polymer adhesive that is activated to form a bond 
between the tubes 705 and/or 715 and/or 905 and/or 915 when energy is injected into the 
inserts. Examples of such polymer adhesives include, for example, anaerobic adhesives such 
those commercially available from Permabond LLC. Finally, the elements and teachings of 
the various illustrative embodiments may be combined in whole or in part in some or all of the 
illustrative embodiments. 

[00104] Although this detailed description has shown and described illustrative 
embodiments of the invention, this description contemplates a wide range of modifications, 
changes, and substitutions. In some instances, one may employ some features of the present 
invention without a corresponding use of the other features. Accordingly, it is appropriate that 
readers should construe the appended claims broadly, and in a manner consistent with the 
scope of the invention. 
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Claims 

What is claimed is: 

1 • A method of radially expanding and plastically deforming a first tube having first 
threads, and a second tube having second threads, comprising: 
coupling a first insert to the first threads; 

coupling the first threads to the second threads to form a threaded connection; 
heating the threaded connection sufficiently to melt at least a portion of the first insert; 
allowing the melted portion of the first insert to flow and solidify within the threaded 
connection; and 

radially expanding and plastically deforming the coupled first and second tubes. 

2. The method of claim 1 , wherein coupling the first insert to the first threads comprises 
placing the first insert within a portion of the first threads. 

3. The method of claim 1 , wherein the first insert comprises an outer layer of flux. 

4. The method of claim 1 , wherein the first insert comprises an inner core comprised of a 
first material, and an outer layer comprised of a second material, and wherein the first material 
has a higher melting point than the second material. 

5. The method of claim 4, wherein the outer layer of the second material comprises an 
outer layer of flux. 

6. The method of claim 4, wherein the first material is selected from the group consisting 
of aluminum, indium, bismuth, cadmium, lead, tin, brass, and bronze; and wherein the second 
material is selected from the group consisting of aluminum, indium, bismuth, cadmium, lead, 
tin, brass, and bronze. 

7. The method of claim 1 , wherein the first insert is fabricated from materials selected 
from the group consisting of aluminum, indium, bismuth, cadmium, lead, tin, brass, and 
bronze. 

8. The method of claim 1, further comprising applying a flux to the first and second 
threads of the first and second tubes. 

9. The method of claim 1 . wherein the first insert comprises a ring. 

10. The method of claim 1, further comprising placing the coupled first and second tubes 
within a preexisting structure before radially expanding and plastically deforming the coupled 
first and second tubes. 

11. The method of claim 10, wherein the preexisting structure comprises a wellbore 
casing. 

12. The method of claim 10. wherein the preexisting structure comprises a pipeline. 

13. The method of claim 10. wherein the preexisting structure comprises a structural 
support. 

14. The method of any of claims 1-13, further comprising, after coupling a first insert to the 
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first threads, coupling a second insert to the second threads. 

1 5. An expandable tubular liner comprising a first tube having first threads, and a second 
tube having second threads coupled to the first threads; wherein the first threads are coupled 
to the second threads by the process of: 

coupling a first insert to the first threads; 
coupling the first threads to the second threads; 

heating the first insert sufficiently to melt at least a portion of the first insert; and 
cooling the melted portion of the first insert. 

16. The liner of claim 15, wherein coupling the first insert to the first threads comprises 
placing the first insert within a portion of the first threads. 

1 7. The liner of claim 1 5, wherein the first insert comprises an outer layer of flux. 

1 8. The liner of claim 15, wherein the first insert comprises an inner core comprised of a 
first material, and an outer layer comprised of a second material, and wherein the first material 
has a higher melting point than the second material. 

19. The liner of claim 18, wherein the outer layer of the second material comprises an 
outer layer of flux. 

20. The liner of claim 18, wherein the first material is selected from the group consisting of 
aluminum, indium, bismuth, cadmium, lead, tin, brass, and bronze; and wherein the second 
material is selected from the group consisting of aluminum, indium, bismuth, cadmium, lead, 
tin, brass, and bronze. 

21 . The liner of claim 15, wherein the first insert is fabricated from materials selected from 
the group consisting of aluminum, indium, bismuth, cadmium, lead, tin, brass, and bronze. 

22. The liner of claim 15, further comprising applying a flux to the first and second threads. 

23. The liner of claim 15, wherein the first insert comprises a ring. 

24. The liner of any of claims 15-23, further comprising, after coupling a first insert to the 
first threads, coupling a second insert to the second threads. 

25. An apparatus comprising a preexisting structure coupled to a tubular liner, the tubular 
liner comprising a first tube including first threads, and a second tube including second 
threads, wherein the tubular liner is coupled to the preexisting structure by the process of: 

coupling a first insert to the first threads; 

coupling the first threads to the second threads to form a threaded connection; 
heating the threaded connection sufficiently to melt at least a portion of the first insert; 
allowing the melted portion of the first insert to flow and solidify within the threaded 
connection; 

positioning the coupled first and second tubes within a preexisting structure; and 
radially expanding the coupled first and second tubes into contact with the preexisting 
structure. 
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26. The apparatus of claim 25, wherein coupling the first insert to the first threads 
comprises placing the first insert within a portion of the first threads. 

27. The apparatus of claim 25, wherein the first insert comprises an outer layer of flux. 

28. The apparatus of claim 25, wherein the first insert comprises an inner core comprised 
of a first material, and an outer layer comprised of a second material, and wherein the first 
material has a higher melting point than the second material. 

29. The apparatus of claim 28, wherein the outer layer of the second material comprises 
an outer layer of flux. 

30. The apparatus of claim 28, wherein the first material is selected from the group 
consisting of aluminum, indium, bismuth, cadmium, lead, tin, brass, and bronze; and wherein 
the second material is selected from the group consisting of aluminum, indium, bismuth, 
cadmium, lead, tin, brass, and bronze. 

31 . The apparatus of claim 25. wherein the first insert is fabricated from materials selected 
from the group consisting of aluminum, indium, bismuth, cadmium, lead, tin, brass, and 
bronze. 

32. The apparatus of claim 25, further comprising applying a flux to the first and second 
threads. 

33. The apparatus of claim 25, wherein the first insert comprises a ring. 

34. The apparatus of claim 25, wherein the preexisting structure comprises a wellbore 
casing. 

35. The apparatus of claim 25, wherein the preexisting structure comprises a pipeline. 

36. The apparatus of claim 25, wherein the preexisting structure comprises a structural 
support. 

37. The apparatus of any of claims 25-36, further comprising, after the step of coupling a 
first insert to the first threads, the step of coupling a second insert to the second threads. 

38. A method of radially expanding and plastically deforming a first tube having first 
threads, and a second tube having second threads, comprising: 

coupling a first insert to the first threads; 

coupling the first threads to the second threads to form a threaded connection; 
radially expanding and plastically deforming the coupled first and second tubes and 

forming a metallurgical bond between the first insert and at least one of the first 

and second tubes. 

39. The method of claim 38, wherein coupling the first insert to the first threads comprises 
placing the first insert within a portion of the first threads. 

40. The method of claim 38, wherein the first insert comprises an outer layer of flux. 

41 . The method of claim 38, wherein the first insert comprises an inner core comprised of 
a first material, and an outer layer comprised of a second material, and wherein the first 
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material has a higher energy point at which an energy input will cause a metallurgical reaction 
than the second material. 

42. The method of claim 41 , wherein the outer layer of the second material comprises an 
outer layer of flux. 

43. The method of claim 41 , wherein the first material is selected from the group consisting 
of aluminum, indium, bismuth, cadmium, lead, tin, brass, and bronze; and wherein the second 
material is selected from the group consisting of aluminum, indium, bismuth, cadmium, lead, 
tin, brass, and bronze. 

44. The method of claim 38, wherein the first insert is fabricated from materials selected 
from the group consisting of aluminum, indium, bismuth, cadmium, lead, tin, brass, and 
bronze. 

45. The method of claim 38, further comprising applying a flux to the first and second 
threads of the first and second tubes. 

46. The method of claim 38, wherein the first insert comprises a ring. 

47. The method of claim 38, further comprising placing the coupled first and second tubes 
within a preexisting structure before radially expanding and plastically deforming the coupled 
first and second tubes. 

48. The method of claim 47, wherein the preexisting structure comprises a wellbore 
casing. 

49. The method of claim 47, wherein the preexisting structure comprises a pipeline. 

50. The method of claim 47, wherein the preexisting structure comprises a structural 
support. 

51 . The method of any of claims 38-50, further comprising, after coupling a first insert to 
the first threads, coupling a second insert to the second threads. 

52. An expandable tubular liner comprising a first tube having first threads, and a second 
tube having second threads coupled to the first threads; wherein the first threads are 
metallurgical^ bonded to the second threads by the process of: 

coupling a first insert to the first threads; 

coupling the first threads to the second threads; and 

radially expanding and plastically deforming the coupled first and second tubes. 

53. The liner of claim 52, wherein coupling the first insert to the first threads comprises 
placing the first insert within a portion of the first threads. 

54. The liner of claim 52, wherein the first insert comprises an outer layer of flux. 

55. The liner of claim 52, wherein the first insert comprises an inner core comprised of a 
first material, and an outer layer comprised of a second material, and wherein the first material 
has a higher energy point at which an energy input will cause a metallurgical reaction than the 
second material. 
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56. The liner of claim 55, wherein the outer layer of the second material comprises an 
outer layer of flux. 

57. The liner of claim 55, wherein the first material is selected from the group consisting of 
aluminum, indium, bismuth, cadmium, lead, tin, brass, and bronze; and wherein the second 
material is selected from the group consisting of aluminum, indium, bismuth, cadmium, lead, 
tin, brass, and bronze. 

58. The liner of claim 52, wherein the first insert is fabricated from materials selected from 
the group consisting of aluminum, indium, bismuth, cadmium, lead, tin, brass, and bronze. 

59. The liner of claim 52, further comprising applying a flux to the first and second threads. 

60. The liner of claim 52, wherein the first insert comprises a ring. 

61 . The liner of any of claims 52-60, further comprising, after coupling a first insert to the 
first threads, coupling a second insert to the second threads. 

62. An apparatus comprising a preexisting structure coupled to a tubular liner, the tubular 
liner comprising a first tube including first threads, and a second tube including second 
threads, wherein the tubular liner is coupled to the preexisting structure by the process of: 

coupling a first insert to the first threads; 

coupling the first threads to the second threads to form a threaded connection; and 
radially expanding the coupled first and second tubes into contact with the preexisting 

structure and forming a metallurgical bond between the first insert and at least 

one of the first and second tubes. 

63. The apparatus of claim 62, wherein coupling the first insert to the first threads 
comprises placing the first insert within a portion of the first threads. 

64. The apparatus of claim 62, wherein the first insert comprises an outer layer of flux. 

65. The apparatus of claim 62, wherein the first insert comprises an inner core comprised 
of a first material, and an outer layer comprised of a second material, and wherein the first 
material has a higher energy point at which an energy input will cause a metallurgical reaction 
than the second material. 

66. The apparatus of claim 65, wherein the outer layer of the second material comprises 
an outer layer of flux. 

67. The apparatus of claim 65, wherein the first material is selected from the group 
consisting of aluminum, indium, bismuth, cadmium, lead, tin, brass, and bronze; and wherein 
the second material is selected from the group consisting of aluminum, indium, bismuth, 
cadmium, lead, tin, brass, and bronze. 

68. The apparatus of claim 62, wherein the first insert is fabricated from materials selected 
from the group consisting of aluminum, indium, bismuth, cadmium, lead, tin, brass, and 
bronze. 

69. The apparatus of claim 62, further comprising applying a flux to the first and second 



32 



WO 2005/071212 PCT/US2IMU/IMMI6J1 

threads. 

70. The apparatus of claim 62, wherein the first insert comprises a ring. 

71. The apparatus of claim 62, wherein the preexisting structure comprises a wellbore 
casing. 

72. The apparatus of claim 62, wherein the preexisting structure comprises a pipeline. 

73. The apparatus of claim 62, wherein the preexisting structure comprises a structural 
support. 

74. The apparatus of any of claims 62-73, further comprising, after the step of coupling a 
first insert to the first threads, the step of coupling a second insert to the second threads. 

75. A method of radially expanding and plastically deforming a first tube, a second tube, 
and a mechanical connection for coupling the first and second tubes, comprising: 

coupling an insert to at least one of the first and second tubes; 

coupling the first and second tubes together using the mechanical connection; 

radially expanding and plastically deforming the coupled first and second tubes; and 

forming a metallurgical bond between the insert and at least one of the first and 
second tubes by injecting energy into the insert prior to or during the radial 
expansion and plastic deformation of the first and second tubes. 

76. The method of claim 75, wherein the injected energy comprises thermal energy. 

77. The method of claim 75, wherein the injected energy comprises mechanical energy. 

78. The method of claim 75, wherein the injected energy comprises electrical energy. 

79. The method of claim 75, wherein the injected energy comprises magnetic energy. 

80. The method of claim 75, wherein the injected energy comprises electromagnetic 
energy. 

81 . The method of claim 75, wherein the injected energy comprises acoustic energy. 

82. The method of claim 75, wherein the injected energy comprises vibrational energy. 

83. A method of radially expanding and plastically deforming a first tube, a second tube, 
and a mechanical connection for coupling the first and second tubes, comprising: 

coupling an insert to at least one of the first and second tubes; 

coupling the first and second tubes together using the mechanical connection; 

radially expanding and plastically deforming the coupled first and second tubes; and 

forming a metallurgical bond between the insert and at least one of the first and 

second tubes by injecting energy into the insert prior to and during the radial 
expansion and plastic deformation of the first and second tubes. 

84. The method of claim 83, wherein the injected energy comprises thermal and 
mechanical energy. 

85. The method of claim 83, wherein the injected energy comprises thermal and electrical 
energy. 
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86. The method of claim 83, wherein the injected energy comprises thermal and magnetic 
energy. 

87. The method of claim 83, wherein the injected energy comprises thermal and 
electromagnetic energy. 

88. The method of claim 83, wherein the injected energy comprises thermal and acoustic 
energy. 

89. The method of claim 83, wherein the injected energy comprises thermal and 
vibrational energy. 

90. . A tubular assembly, comprising: 

a first tube; 
a second tube; 

a mechanical connection for coupling the first and second tubes; and 

a metallurgical connection for coupling the first and second tubes; 

wherein the metallurgical connection is provided proximate the mechanical connection. 

91 . A tubular assembly, comprising: 
a first tube; 

a second tube; 

a mechanical connection for coupling the first and second tubes; and 
a metallurgical connection for coupling an external tubular surface of the first tube to 
an internal tubular surface of the second tube. 

92. A tubular assembly, comprising: 
a first tube; 

a second tube; 

a mechanical connection for coupling the first and second tubes; and 

a metallurgical connection for coupling an external surface of the first tube to an 

internal surface of the second tube; 
wherein the metallurgical connection is positioned within the mechanical connection. 

93. A tubular assembly, comprising: 
a first tube; 

a second tube; 

a threaded connection for coupling the first and second tubes; and 

a metallurgical connection for coupling an external surface of the first tube to an 

internal surface of the second tube; 
wherein the metallurgical connection is positioned within the threaded connection. 

94. A cold-weldable insert for forming a metallurgical bond between overlapping threaded 
ends of adjacent tubular members, comprising: 

a tapered tubular member comprising one or more threaded portions for engaging the 
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threaded ends of the adjacent tubular members; 
wherein the tapered tubular member is fabricated from one or more materials capable 
of forming a metallurgical bond with at least one of the adjacent tubular 
members when energy is input into the tapered tubular member. 

95. The insert of claim 94, wherein the injected energy comprises thermal energy. 

96. The insert of claim 94, wherein the injected energy comprises mechanical energy. 

97. The insert of claim 94, wherein the injected energy comprises electrical energy. 

98. The insert of claim 94, wherein the injected energy comprises magnetic energy. 

99. The insert of claim 94, wherein the injected energy comprises electromagnetic energy. 

100. The insert of claim 94, wherein the injected energy comprises acoustic energy. 

101. The insert of claim 94, wherein the injected energy comprises vibrational energy. 

102. A method of radially expanding and plastically deforming a first tube having first 
threads, and a second tube having second threads, comprising: 

coupling the first threads to the second threads to form a threaded connection; and 
radially expanding and plastically deforming the coupled first and second tubes and 
forming a metallurgical bond between the first and second tubes. 

1 03. The method of claim 1 02, wherein coupling the first threads to the second threads 
comprises placing an insert material within the threaded connection. 

104. The method of claim 103, wherein the insert material comprises a material capable of 
increasing a coefficient of friction between the first and second tubes during the radial 
expansion and plastic deformation of the first and second tubes. 

105. The method of claim 102, further comprising placing the coupled first and second 
tubes within a preexisting structure before radially expanding and plastically deforming the 
coupled first and second tubes. 

106. The method of claim 105, wherein the preexisting structure comprises a wellbore 
casing. 

107. The method of claim 105, wherein the preexisting structure comprises a pipeline. 

108. The method of claim 105, wherein the preexisting structure comprises a structural 
support. 

109. An expandable tubular liner comprising a first tube having first threads, and a second 
tube having second threads coupled to the first threads; wherein the first threads are 
metallurgical^ bonded to the second threads by the process of: 

coupling the first threads to the second threads; and 

radially expanding and plastically deforming the coupled first and second tubes. 

110. The liner of claim 109, wherein coupling the first threads to the second threads 
comprises placing an insert material within the threaded connection. 
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111. The liner of claim 110, wherein the insert material comprises a material capable of 
increasing a coefficient of friction between the first and second tubes during the radial 
expansion and plastic deformation of the coupled first and second tubes. 

112. An apparatus comprising a preexisting structure coupled to a tubular liner, the tubular 
liner comprising a first tube including first threads, and a second tube including second 
threads, wherein the tubular liner is coupled to the preexisting structure by the process of: 

coupling the first threads to the second threads to form a threaded connection; and 
radially expanding the coupled first and second tubes into contact with the preexisting 
structure and forming a metallurgical bond between the first and second tubes. 

1 1 3. The apparatus of claim 1 1 2, wherein coupling the first insert to the first threads 
comprises placing an insert material within a portion of the threaded connection. 

1 14. The apparatus of claim 1 1 3, wherein the insert material comprises a material capable 
of increasing a coefficient of friction between the first and second tubes during the radial 
expansion and plastic deformation of the first and second tubes. 

1 1 5. The apparatus of claim 1 12, wherein the preexisting structure comprises a wellbore 
casing. 

1 16. The apparatus of claim 1 12, wherein the preexisting structure comprises a pipeline. 

117. The apparatus of claim 1 12, wherein the preexisting structure comprises a structural 
support. 

1 1 8. The method of claims 75 or 83, wherein injecting energy into the insert during the 
radial expansion and plastic deformation of the first and second tubes comprises: 

increasing a coefficient of friction between the first and second tubes during the radial 
expansion and plastic deformation of the first and second tubes. 

1 1 9. The method of claims 75 or 83, wherein injecting energy into the insert during the 
radial expansion and plastic deformation of the first and second tubes comprises: 

injecting localized thermal energy into the first and second tubes during the radial 
expansion and plastic deformation of the first and second tubes. 

120. A method of radially expanding and plastically deforming a first tube, a second tube, 
and a mechanical coupling for coupling overlapping ends of the first and second tubes, 
comprising: 

radially expanding and plastically deforming the coupled first and second tubes; and 
injecting energy into the coupled first and second tubes to form a metallurgical bond 
between the first and second tubes. 

121 . The method of claim 120, wherein the energy is injected into the coupled first and 
second tubes prior to the radial expansion and plastic deformation of the first and second 
tubes. 

122. The method of claim 120, wherein the energy is injected into the coupled first and 



36 



WO 2005/071212 PCT/US2004/00063I 

second tubes during the radial expansion and plastic deformation of the first and second 
tubes. 

123. The method of claim 120, wherein the energy is injected into the coupled first and 
second tubes after the radial expansion and plastic deformation of the first and second tubes. 

124. The method of claim 120, wherein the energy is injected into the coupled first and 
second tubes prior to and during the radial expansion and plastic deformation of the first and 
second tubes. 

125. The method of claim 120, wherein the energy is injected into the coupled first and 
second tubes during and after the radial expansion and plastic deformation of the first and 
second tubes. 

126. The method of claim 120, wherein the energy is injected into the coupled first and 
second tubes prior to and after the radial expansion and plastic deformation of the first and 
second tubes. 

127. The method of claim 120, wherein the energy is injected into the coupled first and 
second tubes prior to, during, and after the radial expansion and plastic deformation of the first 
and second tubes. 

128. The method of claim 120, wherein coupling the first and second tubes comprises 
placing an insert material between the overlapping ends of the first and second tubes. 

129. The method of claim 128, wherein the insert material comprises a material capable of 
increasing a coefficient of friction between the first and second tubes during the injection of 
energy into the first and second tubes. 

130. The method of claim 120, further comprising placing the coupled first and second 
tubes within a preexisting structure before radially expanding and plastically deforming the 
coupled first and second tubes. 

131. The method of claim 1 30, wherein the preexisting structure comprises a wellbore 
casing. 

132. The method of claim 130, wherein the preexisting structure comprises a pipeline. 

133. The method of claim 130, wherein the preexisting structure comprises a structural 
support. 

1 34. The method of claim 1 20, wherein the injected energy comprises thermal energy. 

1 35. The method of claim 120, wherein the injected energy comprises mechanical energy. 

136. The method of claim 120, wherein the injected energy comprises electrical energy. 

137. The method of claim 120, wherein the injected energy comprises magnetic energy. 

138. The method of claim 120, wherein the injected energy comprises electromagnetic 
energy. 

139. The method of claim 120, wherein the injected energy comprises acoustic energy. 

140. The method of claim 120, wherein the injected energy comprises vibrational energy. 
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141. An expandable tubular liner comprising a first tube, a second tube, and a mechanical 
coupling for coupling overlapping ends of the first and second tubes, wherein overlapping 
ends of the first and second tubes are metallurgically bonded by the process of: 

coupling the overlapping ends of the first and second tubes; 

radially expanding and plastically deforming the coupled first and second tubes; and 

injecting energy into the coupled first and second tubes. 

142. The liner of claim 141 . wherein the energy is injected into the coupled first and second 
tubes pnor to the radial expansion and plastic deformation of the first and second tubes 

143. The liner of claim 141 , wherein the energy is injected into the coupled first and second 
tubes during the radial expansion and plastic deformation of the first and second tubes 

144. The liner of claim 141 , wherein the energy is injected into the coupled first and second 
tubes after the radial expansion and plastic deformation of the first and second tubes 

145. The liner of claim 141, wherein the energy is injected into the coupled first and second 
tubes pnor to and during the radial expansion and plastic deformation of the first and second 
tubes. 

146. The liner of claim 141, wherein the energy is injected into the coupled first and second 
tubes during and after the radial expansion and plastic deformation of the first and second 
tubes. 

147. The liner of claim 141, wherein the energy is injected into the coupled first and second 
tubes pnor to and after the radial expansion and plastic deformation of the first and second 
tubes. 

148. The liner of claim 141, wherein the energy is injected into the coupled first and second 
tubes prior to, during, and afterthe radial expansion and plastic deformation of the first and 
second tubes. 

149. The liner of claim 141 , wherein coupling the overlapping ends of the first and second 
tubes comprises placing an insert material between the overlapping ends of the first and 
second tubes. 

150. The liner of claim 149, wherein the insert material comprises a material capable of 
mcreasing a coefficient of friction between the first and second tubes during the injection of 
energy into the first and second tubes. 

151. The liner of claim 141, further comprising placing the coupled first and second tubes 
w,th,n a preexisting structure before radially expanding and plastically deforming the coupled 
first and second tubes. 

152. The liner of claim 141. wherein the preexisting structure comprises a wellbore casing 

153. The l,ner of claim 141 , wherein the preexisting structure comprises a pipeline 

154. The l,ner of claim 141 . wherein the preexisting structure comprises a structural 
support. 
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155. The liner of claim 141 , wherein the injected energy comprises thermal energy. 

156. The liner of claim 141 , wherein the injected energy comprises mechanical energy. 

157. The liner of claim 141 , wherein the injected energy comprises electrical energy. 

158. The liner of claim 141, wherein the injected energy comprises magnetic energy. 

159. The liner of claim 141, wherein the injected energy comprises electromagnetic energy. 

160. The liner of claim 141 , wherein the injected energy comprises acoustic energy. 

161 . The liner of claim 141 , wherein the injected energy comprises vibrational energy. 

162. An apparatus comprising a preexisting structure coupled to a tubular liner, the tubular 
liner comprising a first tube, a second tube, and a mechanical coupling for coupling 
overlapping ends of the first and second tubes, wherein the tubular liner is coupled to the 
preexisting structure by the process of: 

radially expanding the coupled first and second tubes into contact with the preexisting 
structure; and 

injecting energy into the coupled first and second tubes to form a metallurgical bond 
between the first and second tubes. 

163. The apparatus of claim 162, wherein the energy is injected into the coupled first and 
second tubes prior to the radial expansion and plastic deformation of the first and second 
tubes. 

164. The apparatus of claim 162, wherein the energy is injected into the coupled first and 
second tubes during the radial expansion and plastic deformation of the first and second 
tubes. 

165. The apparatus of claim 162, wherein the energy is injected into the coupled first and 
second tubes after the radial expansion and plastic deformation of the first and second tubes. 

166. The apparatus of claim 162, wherein the energy is injected into the coupled first and 
second tubes prior to and during the radial expansion and plastic deformation of the first and 
second tubes. 

167. The apparatus of claim 162, wherein the energy is injected into the coupled first and 
second tubes during and after the radial expansion and plastic deformation of the first and 
second tubes. 

168. The apparatus of claim 162, wherein the energy is injected into the coupled first and 
second tubes prior to and after the radial expansion and plastic deformation of the first and 
second tubes. 

169. The apparatus of claim 162, wherein the energy is injected into the coupled first and 
second tubes prior to, during, and after the radial expansion and plastic deformation of the first 
and second tubes. 

170. The apparatus of claim 162, wherein coupling the overlapping ends of the first and 
second tubes comprises placing an insert material between the overlapping ends of the first 
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and second tubes. 

171 . The apparatus of claim 1 70, wherein the insert material comprises a material capable 
of increasing a coefficient of friction between the first and second tubes during the injection of 
energy into the first and second tubes. 

172. The apparatus of claim 162, further comprising placing the coupled first and second 
tubes within a preexisting structure before radially expanding and plastically deforming the 
coupled first and second tubes. 

1 73. The apparatus of claim 1 72, wherein the preexisting structure comprises a wellbore 
casing. 

174. The apparatus of claim 172, wherein the preexisting structure comprises a pipeline. 

175. The apparatus of claim 172, wherein the preexisting structure comprises a structural 
support. 

176. The apparatus of claim 162, wherein the injected energy comprises thermal energy. 

177. The apparatus of claim 162, wherein the injected energy comprises mechanical 
energy. 

1 78. The apparatus of claim 162, wherein the injected energy comprises electrical energy. 

179. The apparatus of claim 162, wherein the injected energy comprises magnetic energy. 

1 80. The apparatus of claim 162, wherein the injected energy comprises electromagnetic 
energy. 

181. The apparatus of claim 162. wherein the injected energy comprises acoustic energy. 

182. The apparatus of claim 162, wherein the injected energy comprises vibrational energy. 

183. A method of radially expanding and plastically deforming a first tube, a second tube, 
and a mechanical coupling for coupling overlapping ends of the first and second tubes, 
comprising: 

positioning an insert material between the overlapping ends of the coupled first and 
second tubes; 

radially expanding and plastically deforming the coupled first and second tubes; 
injecting energy into the coupled first and second tubes before, during, or after the 

radial expansion and plastic deformation of the first and second tubes to lower 

a melting point of at least a portion of the insert material; and 
injecting thermal energy into the coupled first and second tubes to form a metallurgical 

bond between the insert material and at least one of the first and second 

coupled tubes. 

184. An expandable tubular liner comprising a first tube, a second tube, and a mechanical 
coupling for coupling overlapping ends of the first and second tubes, wherein overlapping 
ends of the first and second tubes are metallurgical^ bonded by the process of. 

positioning an insert material between the overlapping ends of the coupled first and 
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second tubes; 

radially expanding and plastically deforming the coupled first and second tubes; 
injecting energy into the coupled first and second tubes before, during, or after the 

radial expansion and plastic deformation of the first and second tubes to lower 
a melting point of at least a portion of the insert material; and 
injecting thermal energy into the coupled first and second tubes to form a metallurgical 
bond between the insert material and the first and second coupled tubes. 
185. An apparatus comprising a preexisting structure coupled to a tubular liner, the tubular 
liner comprising a first tube, a second tube, and a mechanical coupling for coupling 
overlapping ends of the first and second tubes, wherein the tubular liner is coupled to the 
preexisting structure by the process of: 

positioning an insert material between the overlapping ends of the coupled first and 
second tubes; 

radially expanding and plastically deforming the coupled first and second tubes into 

engagement with the preexisting structure; 
injecting energy into the coupled first and second tubes before, during, or after the 

radial expansion and plastic deformation of the first and second tubes to lower 

a melting point of at least a portion of the insert material; and 
injecting thermal energy into the coupled first and second tubes to form a metallurgical 

bond between the insert material and the first and second coupled tubes. 
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AMENDED CLAIMS 

[received by the International Bureau on 27 May 2005 (27.05.05); 
original claims 1-185 replaced by amended claims 1-192 (16 pages)] 

What is claimed is; 



1 . A method of radially expanding and plastically deforming a first tube having first 
threads, and a second tube having second threads, comprising: 

coupling a first insert to the first threads; 

coupling the first threads to the second threads to form a threaded connection; 
heating the threaded connection sufficiently to melt at least a portion of the first insert; 
allowing the melted portion of the first Insert to flow and solidify within the threaded 
connection; and 

radially expanding and plastically deforming the coupled first and second tubes; 
wherein the first insert comprises an inner core comprised of a first material, and an 

outer layer comprised of a second material, and wherein the first material has a 

higher melting point than the second material. 

2. The method of claim 1 , wherein coupling the first insert to the first threads comprises 
placing the first insert within a portion of the first threads. 

3. The method of claim 1 , wherein the first insert comprises an outer layer of flux. 

4. (Canceled) 

5. The method of claim 1 , wherein the outer layer of the second material comprises an 
outer layer of flux, 

6. The method of claim 1 , wherein the first material is selected from the group consisting 
of aluminum, indium, bismuth, cadmium, lead, tin, brass, and bronze; and wherein the second 
material is selected from the group consisting of aluminum, indium, bismuth, cadmium, lead, 
tin, brass, and bronze. 

7 The method of claim 1 , wherein the first insert is fabricated from materials selected 
from the group consisting of aluminum, indium, bismuth, cadmium, lead, tin, brass, and 
bronze, 

8. The method of claim 1 , further comprising applying a flux to the first and second 
threads of the first and second tubes. 

9. The method of claim 1 , wherein the first insert comprises a ring. 

10. The method of claim 1, further comprising placing the coupled first and second tubes 
within a preexisting structure before radially expanding and plastically deforming the coupled 
first and second tubes. 

11. The method of claim 1 0, wherein the preexisting structure comprises a wellbore 
casing. 

12. The method of claim 10, wherein the preexisting structure comprises a pipeline. 

13. The method of claim 1 0, wherein the preexisting structure comprises a structural 
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support. 

14. The method of any of claims 1-13, further comprising, after coupling a first insert to the 
first threads, coupling a second insert to the second threads. 

15. An expandable tubular liner comprising a first tube having first threads, and a second 
tube having second threads coupled to the first threads; wherein the first threads are coupled 
to the second threads by the process of; 

coupling a first insert to the first threads; 
coupling the first threads to the second threads; 

heating the first insert sufficiently to melt at least a portion of the first insert; and 
cooling the melted portion of the first insert; 

wherein the first insert comprises an inner core comprised of a first material, and an 

outer layer comprised of a second material, and wherein the first material has a 
higher melting point than the second material. 

1 6. The liner of claim 15, wherein coupling the first insert to the first threads comprises 
placing the first insert within a portion of the first threads. 

17. The liner of claim 15, wherein the first insert comprises an outer layer of flux. 

18. (Canceled) 

1 9. The liner of claim 1 5, wherein the outer layer of the second material comprises an 
outer layer of flux. 

20. The liner of claim 15, wherein the first material is selected from the group consisting of 
aluminum, indium, bismuth, cadmium, lead, tin, brass, and bronze; and wherein the second 
material is selected from the group consisting of aluminum, indium, bismuth, cadmium, lead, 
tin, brass, and bronze. 

2 1 . The liner of daim 15, wherein the first insert is fabricated from materials selected from 
the group consisting of aluminum, indium, bismuth, cadmium, lead, tin, brass, and bronze. 

22. The liner of claim 15, further comprising applying a flux to the first and second threads. 

23. The liner of claim 1 5, wherein the first insert comprises a ring. 

24. The liner of any of claims 15-23, further comprising, after coupling a first insert to the 
first threads, coupling a second insert to the second threads. 

25. An apparatus comprising a preexisting structure coupled to a tubular liner, the tubular 
liner comprising a first tube including first threads, and a second tube including second 
threads, wherein the tubular liner is coupled to the preexisting structure by the process of: 

coupling a first insert to the first threads; 

coupling the first threads to the second threads to form a threaded connection; 
heating the threaded connection sufficiently to melt at least a portion of the first insert; 
allowing the melted portion of the First insert to flow and solidify within the threaded 
connection; 
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positioning the coupled first and second tubes within a preexisting structure; and 
radially expanding the coupled first and second tubes into contact with the preexisting 
structure; 

wherein the first insert comprises an inner core comprised of a first material, and an 

outer layer comprised of a second material, and wherein the first material has a 
higher melting point than the second material. 

26. The apparatus of claim 25, wherein coupling the first insert to the first threads 
comprises placing the first insert within a portion of the first threads. 

27. The apparatus of claim 25, wherein the first insert comprises an outer layer of flux. 

28. (Canceled) 

29. The apparatus of claim 25, wherein the outer layer of the second material comprises 
an outer layer of flux. 

30. The apparatus of claim 25, wherein the first material is selected from the group 
consisting of aluminum, indium, bismuth, cadmium, lead, tin, brass, and bronze; and wherein 
the second material is selected from the group consisting of aluminum, indium, bismuth, 
cadmium, lead, tin, brass, and bronze. 

31 . The apparatus of claim 25, wherein the first insert is fabricated from materials selected 
from the group consisting of aluminum, indium, bismuth, cadmium, lead, tin, brass, and 
bronze. 

32. The apparatus of claim 25, further comprising applying a flux to the first and second 
threads. 

33. The apparatus of claim 25, wherein the first insert comprises a ring. 

34. The apparatus of claim 25, wherein the preexisting structure comprises a wellbore 
casing. 

35. The apparatus of daim 25, wherein the preexisting structure comprises a pipeline. 

36. The apparatus of claim 25, wherein the preexisting structure comprises a structural 
support. 

37. The apparatus of any of claims 25-36, further comprising, after the step of coupling a 
first insert to the first threads, the step of coupling a second insert to the second threads. 

38. A method of radially expanding and plastically deforming a first tube having first 
threads, and a second tube having second threads, comprising: 

coupling a first insert to the first threads; 

coupling the first threads to the second threads to form a threaded connection; 
radially expanding and plastically deforming the coupled first and second tubes to form 

a metallurgical bond between the first insert and at least one of the first and 

second tubes. 

39. The method of claim 38, wherein coupling the first insert to the first threads comprises 
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placing the first insert within a portion of the first threads. 

40. The method of claim 38, wherein the first insert comprises an outer layer of flux. 

41 . The method of claim 38, wherein the first insert comprises an inner core comprised of 
a first material, and an outer layer comprised of a second material, and wherein the first 
material has a mgner energy pulnl al whhJi an energy input will oauao Q matollwraicoi reaction 
than the second material. 

42. The method of claim 41 , wherein the outer layer of the second material comprises an 
outer layer of flux. 

43. The method of claim 41 , wherein the first material is selected from the group consisting 
of aluminum, indium, bismuth, cadmium, lead, tin, brass, and bronze; and wherein the second 
material is selected from the group consisting of aluminum, indium, bismuth, cadmium, lead, 
tin, brass, and bronze. 

44. The method of claim 38, wherein the first insert is fabricated from materials selected 
from the group consisting of aluminum, indium, bismuth, cadmium, lead, tin, brass, and 
bronze. 

45. The method of claim 38, further comprising applying a flux to the first and second 
threads of the first and second tubes. 

46. The method of claim 38, wherein the first insert comprises a ring. 

47. The method of claim 38, further comprising placing the coupled first and second tubes 
within a preexisting structure before radially expanding and plastically deforming the coupled 
first and second tubes. 

48. The method of claim 47, wherein the preexisting structure comprises a wellbore 
casing. 

49. The method of claim 47, wherein the preexisting structure comprises a pipeline. 

50. The method of claim 47, wherein the preexisting structure comprises a structural 
support. 

51 . The method of any of claims 38-50, further comprising, after coupling a first insert to 
the first threads, coupling a second insert to the second threads. 

52. An expandable tubular liner comprising a first tube having first threads, and a second 
tube having second threads coupled to the first threads; wherein the first threads are 
metallurgical^ bonded to the second threads by the process of: 

coupling a first insert to the first threads; 

coupling the first threads to the second threads; and 

radially expanding and plastically deforming the coupled first and second tubes. 

53. The liner of claim 52, wherein coupling the first insert to the first threads comprises 
placing the first insert within a portion of the first threads. 

54. The liner of claim 52, wherein the first insert comprises an outer layer of flux. 
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55. The liner of claim 52, wherein the first insert comprises an inner core comprised of a 
first material, and an outer layer comprised of a second material, and wherein the first material 
has a higher energy point at which an energy input will cause a metallurgical reaction than the 
second material. 

56. The liner of claim 55, wherein the outer layer of the second material comprises an 
outer layer of flux. 

57. The liner of claim 55, wherein the first material is selected from the group consisting of 
aluminum, indium, bismuth, cadmium, lead, tin, brass, and bronze; and wherein the second 
material is selected from the group consisting of aluminum, indium, bismuth, cadmium, lead, 
tin, brass, and bronze. 

58. The liner of claim 52, wherein the first insert is fabricated from materials selected from 
the group consisting of aluminum, indium, bismuth, cadmium, lead, tin, brass, and bronze. 

59. The liner of claim 52, further comprising applying a flux to the first and second threads. 

60. The liner of claim 52, wherein the first insert comprises a ring. 

61 . The liner of any of claims 52-60, further comprising, after coupling a first insert to the 
first threads, coupling a second insert to the second threads. 

62. An apparatus comprising a preexisting structure coupled to a tubular liner, the tubular 
liner comprising a first tube including first threads, and a second tube including second 
threads, wherein the tubular liner is coupled to the preexisting structure by the process of 

coupling a first insert to the first threads; 

coupling the first threads to the second threads to form a threaded connection; and 
radially expanding the coupled first and second tubes into contact with the preexisting 

structure to form a metallurgical bond between the first insert and at least one 

of the first and second tubes. 

63. The apparatus of claim 62, wherein coupling the first insert to the first threads 
comprises placing the first insert within a portion of the first threads. 

64. The apparatus of claim 62, wherein the first insert comprises an outer layer of flux. 

65. The apparatus of claim 62, wherein the first insert comprises an inner core comprised 
of a first material, and an outer layer comprised of a second material, and wherein the first 
material has a higher energy point at which an energy input will cause a metallurgical reaction 
than the second material. 

66. The apparatus of claim 65, wherein the outer layer of the second material comprises 
an outer layer of flux. 

67. The apparatus of claim 65, wherein the first material is selected from the group 
consisting of aluminum, indium, bismuth, cadmium, lead, tin, brass, and bronze; and wherein 
the second material is selected from the group consisting of aluminum, indium, bismuth, 
cadmium, lead, tin, brass, and bronze. 
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68. The apparatus of claim 62, wherein the first insert is fabricated from materials selected 
from the group consisting of aluminum, indium, bismuth, cadmium, lead, tin, brass, and 
bronze. 

69. The apparatus of claim 62, further comprising applying a flux to the first and second 
threads. 

70. The apparatus of claim 62, wherein the first Insert comprises a ring. 

71 . The apparatus of claim 62, wherein the preexisting structure comprises a wellbore 
casing. 

72. The apparatus of claim 62, wherein the preexisting structure comprises a pipeline. 

73. The apparatus of claim 62, wherein the preexisting structure comprises a structural 
support. 

74. The apparatus of any of claims 62-73, further comprising, after the step of coupling a 

first insert to the firct throade, the ctop of coupling a QPmnrt insfirt to the second threads. 

75. A method of radially expanding and plastically deforming a first tube, a second tube, 
and a mechanical connection for coupling the first and second tubes, comprising: 

coupling an insert to at least one of the first and second tubes; 
coupling the first and second tubes together using the mechanical connection; 
radially expanding and plastically deforming the coupled first and second tubes; and 
forming a metallurgical bond between the insert and at least one of the first and 

second tubes by injecting energy into the insert during the .radial expansion and 

plastic deformation of the first and second tubes. 

76. The method of claim 75, wherein the injected energy comprises thermal energy. 

77. The method of claim 75, wherein the injected energy comprises mechanical energy. 

78. The method of claim 75, wherein the injected energy comprises electrical energy. 

79. The method of claim 75, wherein the injected energy comprises magnetic energy. 

80. The method of claim 75, wherein the injected energy comprises electromagnetic 
energy. 

81 . The method of claim 75, wherein the injected energy comprises acoustic energy. 

82. The method of claim 75, wherein the injected energy comprises vibrational energy. 

83. A method of radially expanding and plastically deforming a first tube, a second tube, 
and a mechanical connection for coupling the first and second tubes, comprising: 

coupling an insert to at least one of the first and second tubes; 

coupling the first and second tubes together using the mechanical connection; 

radially expanding and plastically deforming the coupled first and second tubes; and 

forming a metallurgical bond between the insert and at least one of the first and 

second tubes by injecting energy into the insert prior to and during the radial 
expansion and plastic deformation of the first and second tubes. 
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84. The method of claim 83. wherein the injected energy comprises thermal and 
mechanical energy. 

85. The method of claim 83, wherein the injected energy comprises thermal and electrical 
energy. 

86. The method of claim 83, wherein the injected energy comprises thermal and magnetic 
energy. 

87. The method of claim 83, wherein the injected energy comprises thermal and 
electromagnetic energy. 

88. The method of claim 83, wherein the injected energy comprises thermal and acoustic 
energy. 

89. The method of claim 83 T wherein the injected energy comprises thermal and 
vibrational energy. 

90. A tubular assembly, comprising: 
a first tube; 

a second tube; 

a mechanical connection for coupling the first and second tubes; and 
a metallurgical connection for coupling the first and second tubes; 
wherein the metallurgical connection is provided proximate the mechanical connection; 
and 

wherein the metallurgical connection is a cold welded connection. 

91 . A tubular assembly, comprising; 
a first tube; 

a second tube; 

a mechanical connection for coupling the first and second tubes; and 

a metallurgical connection for coupling an external tubular surface of the first tube to 

an internal tubular surface of the second tube; and 
wherein the metallurgical connection is a cold welded connection. 

92. A tubular assembly, comprising: 
a first tube; 

a second tube; 

a mechanical connection for coupling the first and second tubes; and 

a metallurgical connection for coupling an external surface of the first tube to an 

internal surface of the second tube; 
wherein the metallurgical connection is positioned within the mechanical connection; 

and 

wherein the metallurgical connection is a cold welded connection. 

93. A tubular assembly, comprising: 
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a first tube; 
a second tube; 

a threaded connection for coupling the first and second tubes; and 

a metallurgical connection for coupling an external surface of the first tube to an 

internal surface of the second tube; 
wherein the metallurgical connection is positioned within the threaded connection; and 
wherein the metallurgical connection is a cold welded connection. 

94. A cold-weldable insert for forming a metallurgical bond between overlapping threaded 
ends of adjacent tubular members, comprising: 

a tapered tubular member comprising one or more threaded portions for engaging the 
threaded ends of the adjacent tubular members; 

w h ere i n the tapered tubular member is fabricated from one or more materials capable 
of forming a metallurgical bond with at least one of the adjacent tubular 
members when energy is input into the tapered tubular member. 

95. The insert of claim 94, wherein the injected energy comprises thermal energy. 

96. The insert of claim 94, wherein the injected energy comprises mechanical energy. 

97. The insert of claim 94, wherein the injected energy comprises electrical energy. 

98. The insert of claim 94, wherein the injected energy comprises magnetic energy. 

99. The insert of claim 94, wherein the injected energy comprises electromagnetic energy. 

100. The insert of claim 94, wherein the injected energy comprises acoustic energy. 

101 . The insert of claim 94, wherein the injected energy comprises vibrational energy, 

102. A method of radially expanding and plastically deforming a first tube having first 
threads, and a second tube having second threads, comprising: 

coupling the first threads to the second threads to form a threaded connection; and 
radially expanding and plastically deforming the coupled first and second tubes and 
thereby forming a metallurgical bond between the first and second tubes. 

1 03. The method of claim 1 02, wherein coupling the first threads to the second threads 
comprises placing an insert material within the threaded connection. 

104. The method of claim 103, wherein the insert material comprises a material capable of 
increasing a coefficient of friction between the first and second tubes during the radial 
expansion and plastic deformation of the first and second tubes. 

1 05. The method of claim 1 02, further comprising placing the coupled first and second 
tubes within a preexisting structure before radially expanding and plastically deforming the 
coupled first and second tubes. 

106. The method of claim 1 05, wherein the preexisting structure comprises a wellbore 
casing. 

107. The method of claim 105, wherein the preexisting structure comprises a pipeline. 
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108. The method of claim 105, wherein the preexisting structure comprises a structural 
support. 

109. An expandable tubular liner comprising a first tube having first threads, and a second 
tube having second threads coupled to the first threads; wherein the first threads are 
metallurgical^ bonded to the second threads by the process of: 

coupling the first threads to the second threads; and 

radially expanding and plastically deforming the coupled first and second tubes. 

1 1 0. The liner of claim 1 09, wherein coupling the first threads to the second threads 
comprises placing an insert material within the threaded connection. 

111. The liner of claim 1 10, wherein the insert material comprises a material capable of 
increasing a coefficient of friction between the first and second tubes during the radial 
expansion and plastic deformation of the coupled first and second tubes, 

112. An apparatus comprising a preexisting structure coupled to a tubular liner the tubular 
liner comprising a first tube including first threads, and a second tube including second 
threads, wherein the tubular liner is coupled to the preexisting structure by the process of: 

coupling the first threads to the second threads to form a threaded connection; and 
radially expanding the coupled first and second tubes into contact with the preexisting 

structure and thereby forming a metallurgical bond between the first and 

second tubes. 

113. The apparatus of claim 112, wherein coupling the first insert to the first threads 
comprises placing an insert material within a portion of the threaded connection. 

114. The apparatus of claim 113, wherein the insert material comprises a material capable 
of increasing a coefficient of friction between the first and second tubes during the radial 
expansion and plastic deformation of the first and second tubes. 

115. The apparatus of claim 112, wherein the preexisting structure comprises a wellbore 
casing. 

1 16. The apparatus of claim 112, wherein the preexisting structure comprises a pipeline. 

117. The apparatus of claim 1 12, wherein the preexisting structure comprises a structural 
support. 

1 18. The method of claims 75 or 83, wherein injecting energy into the insert during the 
radial expansion and plastic deformation of the first and second tubes comprises: 

increasing a coefficient of friction between the first and second tubes during the radial 
expansion and plastic deformation of the first and second tubes. 

119. The method of claims 75 or 83, wherein injecting energy into the insert during the 
radial expansion and plastic deformation of the first and second tubes comprises: 

injecting localized thermal energy into the first and second tubes during the radial 
expansion and plastic deformation of the first and second tubes. 
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120. A method of radially expanding and plastically deforming a first tube, a second tube, 
and a mechanical coupling for coupling overlapping ends of the first and second tubes, 
comprising: 

radially expanding and plastically deforming the coupled first and second tubes; and 
injecting energy into the coupled first and second tubes to form a metallurgical bond 

between the first and second tubes; 
wherein the metallurgical bond is a cold welded bond. 

121 . The method of claim 1 20, wherein the energy is injected into the coupled first and 
second tubes prior to the radial expansion and plastic deformation of the first and second 
tubes. 

122. The method of claim 120, wherein the energy is injected into the coupled first and 
second tubes during the radial expansion and plastic deformation of the first and second 
tubes. 

123. The method of claim 120, wherein the energy is injected into the coupled first and 
second tubes after the radial expansion and plastic deformation of the first and second tubes. 

124. The method of claim 120, wherein the energy is injected into the coupled first and 
second tubes prior to and during the radial expansion and plastic deformation of the first and 
second tubes. 

125. The method of claim 120, wherein the energy is injected into the coupled first and 
second tubes during and after the radial expansion and plastic deformation of the first and 
second tubes. 

126. The method of claim 120, wherein the energy is injected into the coupled first and 
second tubes prior to and after the radial expansion and plastic deformation of the first and 
second tubes. 

127. The method of claim 120, wherein the energy is injected into the coupled first and 
second tubes prior to, during, and after the radial expansion and plastic deformation of the first 
and second tubes. 

128. The method of claim 120, wherein coupling the first and second tubes comprises 
placing an insert material between the overlapping ends of the first and second tubes. 

129. The method of claim 128, wherein the insert material comprises a material capable of 
increasing a coefficient of friction between the first and second tubes during the injection of 
energy into the first and second tubes. 

130. The method of claim 120, further comprising placing the coupled first and second 
tubes within a preexisting structure before radially expanding and plastically deforming the 
coupled first and second tubes. 

131. The method of claim 1 30, wherein the preexisting structure comprises a wellbore 
casing. 
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132. The method of claim 130, wherein the preexisting structure comprises a pipeline. 

133. The method of claim 130, wherein the preexisting structure comprises a structural 
support. 

134. The method of claim 120, wherein the injected energy comprises thermal energy. 

135. The method of claim 120, wherein the injected energy comprises mechanical energy. 

136. The method of claim 120, wherein the injected energy comprises electrical energy. 

1 37. The method of claim 120, wherein the injected energy comprises magnetic energy. 

1 38. The method of claim 120, wherein the injected energy comprises electromagnetic 
energy. 

1 39. The method of claim 120, wherein the injected energy comprises acoustic energy. 

140. The method of daim 120, wherein the Injected energy comprises vibrational energy. 

141. An expandable tubular liner comprising a first tube, a second tube, and a mechanical 
coupling for coupling overlapping ends of the first and second tubes, wherein overlapping 
ends of the first and second tubes are metallurgical^ bonded by the process of: 

coupling the overlapping ends of the first and second tubes; 
radially expanding and plastically deforming the coupled first and second tubes; and 
injecting energy into the coupled first and second tubes during the radial expansion 
and plastic deformation of the first and second tubes. 

142. (Canceled) 

143. (Canceled) 

144. (Canceled) 

145. (Canceled) 

146. (Canceled) 

147. (Canceled) 

148. (Canceled) 

149. The liner of claim 141, wherein coupling the overlapping ends of the first and second 
tubes comprises placing an insert material between the overlapping ends of the first and 
second tubes, 

150. The liner of claim 149, wherein the insert material comprises a material capable of 
increasing a coefficient of friction between the first and second tubes during the injection of 
energy into the first and second tubes. 

151. The liner of claim 1 41 , further comprising placing the coupled first and second tubes 
within a preexisting structure before radially expanding and plastically deforming the coupled 
first and second tubes. 

152. The liner of claim 141, wherein the preexisting structure comprises a wellbore casing. 

1 53. The liner of claim 141 , wherein the preexisting structure comprises a pipeline. 

1 54. The liner of claim 141 , wherein the preexisting structure comprises a structural 
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support. 

155. The liner of claim 141 , wherein the injected energy comprises thermal energy. 

156. The liner of claim 141, wherein the injected energy comprises mechanical energy. 

1 57. The liner of claim 141 , wherein the injected energy comprises electrical energy. 

1 58. The liner of claim 141 , wherein the injected energy comprises magnetic energy. 

1 59. The liner of claim 141 . wherein the injected energy comprises electromagnetic energy. 

160. The liner of claim 141 , wherein the injected energy comprises acoustic energy. 
151. The liner of claim 141, wherein the injected energy comprises vibrational energy. 

162. An apparatus comprising a preexisting structure coupled to a tubular liner, the tubular 
liner comprising a first tube, a second tube, and a mechanical coupling for coupling 
overlapping ends of the first and second tubes, wherein the tubular liner is coupled to the 
preexisting structure by the process of, 

radially expanding the coupled first and second tubes into contact with the preexisting 
structure; and 

injecting energy into the coupled first and second tubes to form a metallurgical bond 
between the first and second tubes during the radial expansion and plastic 
deformation of the first and second tubes. 

163. (Canceled) 

164. (Canceled) 

165. (Canceled) 

166. (Canceled) 

167. (Canceled) 

168. (Canceled) 

169. (Canceled) 

170. The apparatus of claim 162, wherein coupling the overlapping ends of the first and 
second tubes comprises placing an insert material between the overlapping ends of the first 
and second tubes. 

171. The apparatus of claim 1 70, wherein the insert material comprises a material capable 
of increasing a coefficient of friction between the first and second tubes during the injection of 
energy into the first and second tubes. 

172. The apparatus of claim 162, further comprising placing the coupled first and second 
tubes within a preexisting structure before radially expanding and plastically deforming the 
coupled first and second tubes. 

173. The apparatus of claim 172, wherein the preexisting structure comprises a wellbore 
casing. 

174. The apparatus of claim 172, wherein the preexisting structure comprises a pipeline. 

175. The apparatus of claim 172, wherein the preexisting structure comprises a structural 
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support. 

1 76. The apparatus of claim 162, wherein the injected energy comprises thermal energy. 

1 77. The apparatus of claim 1 62, wherein the injected energy comprises mechanical 
energy. 

1 78. The apparatus of claim 162, wherein the injected energy comprises electrical energy. 

179. The apparatus of claim 1 62, wherein the injected energy comprises magnetic energy. 

1 80. The apparatus of claim 1 62, wherein the injected energy comprises electromagnetic 
energy. 

181. The apparatus of claim 162, wherein the injected energy comprises acoustic energy. 

1 82. The apparatus of claim 1 62. wherein the injected energy comprises vibrational energy. 

1 83. A method of radially expanding and plastically deforming a first tube, a second tube, 
and a mechanical coupling for coupling overlapping ends of the first and second tubes, 
comprising: 

positioning an insert material between the overlapping ends of the coupled first and 
second tubes; 

radially expanding and plastically deforming the coupled first and second tubes; 
injecting energy into the coupled first and second tubes during the radial expansion 

and plastic deformation of the first and second tubes to lower a melting point of 

at least a portion of the insert material; and 
injecting energy into the coupled first and second tubes to form a metallurgical bond 

between the insert material and at least one of the first and second coupled 

tubes. 

184. An expandable tubular liner comprising a first tube, a second tube, and a mechanical 
coupling for coupling overlapping ends of the first and second tubes, wherein overlapping 
ends of the first and second tubes are metallurgical^ bonded by the process of: 

positioning an insert material between the overlapping ends of the coupled first and 
second tubes; 

radially expanding and plastically deforming the coupled first and second tubes; 
injecting energy into the coupled first and second tubes during the radial expansion 
and plastic deformation of the first and second tubes to lower a melting point of 
at least a portion of the insert material; and 
injecting energy into the coupled first and second tubes to form a metallurgical bond 
between the insert material and the first and second coupled tubes. 
185. An apparatus comprising a preexisting structure coupled to a tubular liner, the tubular 
liner comprising a first tube, a second tube, and a mechanical coupling for coupling 
overlapping ends of the first and second tubes, wherein the tubular liner is coupled to the 
preexisting structure by the process of: 
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positioning an insert material between the overlapping ends of the coupled first and 
second tubes; 

radially expanding and plastically deforming the coupled first and second tubes into 

engagement with the preexisting structure; 
injecting energy into the coupled first and second tubes during the radial expansion 

and plastic deformation ot the tirst ana second lubes to lower a rnelUny uu» u uf 

at least a portion of the insert material; and 
injecting energy into the coupled first and second tubes to form a metallurgical bond 

between the insert material and the first and second coupled tubes. 

1 86. A method of radially expanding and plastically deforming a first tube, a second tube, 
and a mechanical connection for coupling the first and second tubes, comprising: 
coupling an insert to at least one of the first and second tubes; 
coupling the first and second tubes together using the mechanical connection; 
radially expanding and plastically deforming the coupled first and second tubes; and 
forming a metallurgical bond between the insert and at least one of the first and 

second tubes by injecting energy into the insert prior to and during the radial 
expansion and plastic deformation of the first and second tubes. 



1 87. A method of radially expanding and plastically deforming a first tube, a second tube, 
and a mechanical connection for coupling the first and second tubes, comprising; 
coupling an insert to at least one of the first and second tubes; 
coupling the first and second tubes together using the mechanical connection; 
radially expanding and plastically deforming the coupled first and second tubes; and 
forming a metallurgical bond between the insert and at least one of the first and 
second tubes by injecting energy into the insert prior to or during the radial 
expansion and plastic deformation of the first and second tubes; 
wherein the metallurgical bond is a cold welded bond. 



188. An expandable tubular lin*r compri^in a a firs* t.ihft, a second tune, and a mechanical 
coupling for coupling overlapping ends of the first and second tubes, wherein overlapping 
ends of the first and second tubes are metallurgically bonded by the process of: 

coupling the overlapping ends of the first and second tubes; 

radially expanding and plastically deforming the coupled first and second tubes; and 

injecting energy into the coupled first and second tubes before, during, or after the 
radial expansion and plastic deformation of the first and second tubes; 

wherein the injected energy Is selected from the group consisting of: mechanical 
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energy, electrical energy, magnetic energy, electromagnetic energy, acoustic 
energy, and vibrational energy. 

1 09. An opparatuo oompricing a prooxietir>g ctructura ro> inl<»H to a ti ihi ilar lirw. the tubular 

liner comprising a first tube, a second tube, and a mechanical coupling for coupling 
overiapping ends of the first and second tubes, wherein the tubular liner is coupled to the 
preexisting structure by the process of: 

radially expanding the coupled first and second tubes into contact with the preexisting 
structure; and 

injecting energy into the coupled first and second tubes to form a metallurgical bond 

between the first and second tubes before, during, or after the radial expansion 

and plastic deformation of the first and second tubes; 
wherein the injected energy is selected from the group consisting of mechanical 

energy, electrical energy, magnetic energy, electromagnetic energy, acoustic 

energy, and vibrational energy. 

1 90. A method of radially expanding and plastically deforming a first tube, a second tube, 
and a mechanical coupling for coupling overlapping ends of the first and second tubes, 
comprising: 

positioning an insert material between the overlapping ends of the coupled first and 
second tubes; 

radially expanding and plastically deforming the coupled first and second tubes; 
injecting energy into the coupled first and second tubes before/during, or after the 

radial expansion and plastic deformation of the first and second tubes to lower 

a melting point of at least a portion of the insert material; and 
injecting energy into the coupled first and second tubes to form a metallurgical bond 

between the insert material and at least one of the first and second coupled 

tubes; 

wherein the injected energy is selected from the group consisting of mechanical 

energy, electrical energy, magnetic energy, electromagnetic energy, acoustic 
energy, and vibrational energy. 

191. An expandable tubular liner comprising a first tube, a second tube, and a mechanical 
coupling for coupling overlapping ends of the first and second tubes, wherein overlapping 
ends of the first and second tubes are metallurgically bonded by the process of: 

positioning an insert material between the overlapping ends of the coupled first and 
second tubes; 
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radially expanding and plastically deforming the coupled first and second tubes; 
injecting energy into the coupled first and second tubes before, during, or after the 

radial expansion and plastic deformation of the first and second tubes to lower 

a melting point of at least a portion of the insert material; and 
injecting energy into the coupled first and second tubes to form a metallurgical bond 

between the insert material and the first and second coupled tubes; 
wherein the injected energy is selected from the group consisting of mechanical 

energy, electrical energy, magnetic energy, electromagnetic energy, acoustic 

energy, and vibrational energy, 

192. An apparatus comprising a preexisting structure coupled to a tubular liner, the tubular 
liner comprising a first tube, a second tube, and a mechanical coupling for coupling 
overlapping ends of the first and second tubes, wherein the tubular liner is coupled to the 
preexisting structure by the process of: 

positioning an insert material between the overlapping ends of the coupled first and 
second tubes; 

radially expanding and plastically deforming the coupled first and second tubes into 

engagement with the preexisting structure; 
injecting energy into the coupled first and second tubes before, during, or after the 

radial expansion and plastic deformation of the first and second tubes to lower 

a melting point of at least a portion of the insert material; and 
injecting energy into the coupled first and second tubes to form a metallurgical bond 

between the insert material and the first and second coupled tubes; 
wherein the injected energy is selected from the group consisting of mechanical 

energy, electrical energy, magnetic energy, electromagnetic energy, acoustic 

energy, and vibrational energy. 



57 

AMENDED SHEET (ARTICLE 19) 



PCT/US21MM/0U06JI 




PROVIDE TUBES WITH 
THREADS 




PLACE MELTABLE INSERTS 
INTO THREADS OF THE 
TUBES 




CONNECT TUBES VIA THE 
THREADS 




HEAT THE THREADED 
CONNECTION 




POSITION COUPLED TUBES 
IN PREEXISTING STRUCTURE 




RADIALLY EXPAND COUPLED 
TUBES 



10 



Fig. 1 

1/13 



WO 2005/071212 



PCT/US2004/O0O6JI 




WO 2005/071212 



PCT/US20»4/0IM)63I 



225 




Fig. 3 



3/13 



WO 2005/071212 



PCT/US2004/000631 




4/1 J 



PCT/US2WU/00063I 




5/13 



WO 2005/(171212 



PCT/IIS2IMM/0006JI 



605 



610 



615 



620 



625 



PROVIDE TUBES WITH 
THREADS 




PLACE COLD WELDABLE 
INSERTS INTO THREADS OF 
THE TUBES 




CONNECT TUBES VIA THE 
THREADS 




POSITION COUPLED TUBES 
IN PREEXISTING STRUCTURE 




RADIALLY EXPAND COUPLED 
TUBES 



600 



Fig. 6 

6/1 j 



WO 2005/071212 



PCT/US2004/0006JI 




WO 2005/071212 



PCT/US2004/000631 



715 




705 



Fig. 9 



9/13 



PCT/US2INM/INMMJI 




PROVIDE TUBES WITH 
THREADS 




PLACE COLD WELDABLE 
INSERTS INTO THREADS OF 
THE TUBES 




CONNECT TUBES VIA THE 
THREADS 




POSITION COUPLED TUBES 
IN PREEXISTING STRUCTURE 




RADIALLY EXPAND COUPLED 
TUBES 



800 



Fig. 10 

10/13 



WO 2005/071212 



PCT/US2004/0006JI 




11/13 



WO 2005/071212 



PCT/US2004/00063I 




Fig. 12 



12/13 



PCT/US2<MM/0(MM1J| 



915 




Fig. 13 



13/13 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

J^REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



